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PRE^CE 

Tliis seri^ of '-iaru2u< orP^t^t^^^^ m6th^ used by ne 

Geolo^cal Surve: piannin. in.: ^ecuting water ^esc^rrce^^n vestcr-- 
tions. The mateni.- - ^ -:i>e: u ;<^r^jnajor subject r!»?adin:i3 called bwEf 
and Is further sv'-*' 'iei: :\v mc'.h.^tis chapters BfKiK 6 is on labora 
tory analysis. Se Th«* - .r of pubuzat^on, the chaptc 

^ limited to a na'-ow r.^. f i>uihe<-*t r ^ ifethoor: ::'»r determmaticn 

of radioactive sucstance m v * nuvial sediments'' is tJie fifth chap- 
ter to be publishtu under r^ect .or . • ^ Muok 5. The chapter i>umber include 
the letter of the sectior ^^.e^*t' '^a* of this mef>ftiis manual ^\ 

designed to permit flex: ^^. ,1=^0- id p blication. i .^plements- 

be prepared as the nee< '.>r c, v .. la^ :rr<j purchas^rti at no cham. 
as they becopip availabi 
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Analytical m«rn::«i8 zdt ui- i^r*"^ 
of the raore imun^tant comport ^ u-- r 

. tron activation ' icz radioci ••it> 
radioactr^ty -fow water 
port for each ao*^ -ai memc i. 
for application 2Jd methcx 
method, interfer*fji'^» requi^v 
ents, analytical xicidurei 
of results, aad .^mation 
product isotopes ^sidere< 
tium-SO, and ruth^-'-am-lO. ^ 
ments and isotope: ^nsider- . s.. ur 
radium-226, radiu^ 28, rr'.x\urn^' a: 

~ gross radroactivit uirve' ^ *fioG 
isotope ratio metha_ jse pr ^^'he 
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This manu^ .^^scrih- :he anai:~icai meth- 
dds u&ed by llllF-S ological Surrey for 
the collectior "fl anaivsis of waier samples 
for radioac: # ubstances. The analytical 
methods ar^ ^ -ndec the radic?chemist 
who applies |p imer :se to the analysis of 
water, Aderi^ irour iing in "he principles 
and practice - ^tuiio^ nemistr:'' is assunrted. 
Therefore, st^' -^ojec^ as ftuclear instru- 
mentation^sr^ ^^^'^s, ^d radiation charac- 
teristics are - iscus^d. References are 
given to several «caileny textbooks available 
on these s.ubjedfs 

Generally, each ^aiy^ical method is de- 
scribed in suffi'-ien ^lail and s adequately 




referenced so that aa exp^nenoec r^dio- 
chemist could aet upHhe anaiTtt^a. me* 
with reaonable assurance o: su oess. 
exceptions are the determinainor ' - tr 
by gas court:-iig and the der^err .aatu x 
carbbn-il4. Bec^ause of the fcomplexit}- - ne 
equipment a: the extreme importi*.- >f 
certain critica, details in IxKh tbt ru- 
mentation and operating procedurr. v.. at- 
tempt to convex the fully d^aileu^ir^**- ica 
procedure for direct duplicfcon nis . oy> 
probability for success; There is z.^. 5uosti- 
tute for actual oi5ei:ating experience libor- 
atones fequipped for the gas-count g deter 
mination of tririum and the deterrr.' nation o: 
carbbn-14. For the above reasons, the dfr- 
s scriptions of these two analytics unKredures 
concentrate on the principles anc oajor op- 
erating conditions Involved. 

In several analytical methods- reagents ov^ 
equipment are cited by proprietary name. 
This is due tc inadequate information on 
chemical composition 'on whici to base a 
chemical name, or to special lequiremmts 
known to be met . by tjie citai^ reagent or 
equipment. In every case equivifient products 
tha^ meet requirements may Sp* 3ubstituted. 
No endorsement is intended. 

Organizotior 

Each determination "includes section oH 
''Application," ''Summary of ^ method," 
"Interferences," "Apparatus,'* Reagents," 
"Procedtire," "Calculations,;' ^eport" (of 
results), and "Precision." The "Circulation" 
section under each determination • differs 
slightly from thejjracticfe in cluptier Al in 
that reference is made to a general equation 



technique: of water-rs:sources investi j^.-^'ons 



when possible. Radioactivity cadculations for 
different nuclides follow similar principlet^ 
which can be summarized in general equa- 
tion. The ireneral equation, with its.mpdificL 
tions to fii particular i^uirements, is cor 
sidered in a following section. 



Data on half-lives were 
"Chart of :he Nuclides" ' 
er, 1969). Data or decfey 
gies of niiclear radiation 
"Table of Isotopes" (Le 
1968). The "Chart 
produced in "Radi' 
(U.S. Dept. of He^. 
fare, 1970) , and di^ 
nuclides listed i^ 
Perlman (1968) 
HE^ publication 
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Unit, symboc^ an^bbreviatlons 

Terms that ar enp^^^I^r used throughout 
the text are listeci* '-^io • T5»Tns that, are used 
infrequently, usu_ ' i*^ "^rmection with one. 



analytical nleth. 
age in the text, -rt , < th 
la:ion df data ar '-nnc^ 
equation in the ^ .cu : 

C: J'curie (3.7 ' 1^21. 

/iCi microcuric .7 

second) 

pCi picopurie " 

ond) / 

fiCi/\ TTiicrocilriee ::er .iter 

•pCi/1 picocuries >er liter 



cpm ^'—Counts pei^ minute . 

dpm disintegrations per minute 

keV thousand electron volts 

MeV —million electron volts 



--^edat the first us- 
... are used in calcu- 
inder the general 
:ms" sections, 

: -jgrations per second) 
disintegration^^ pei 

r-.sint^grations per sec- 



d — l>--day u 

Nvhr * hour • 

min ^ minute 

sec- second 

yr year 

e 2.71^....., base of the natur6,l logarithms 

In -----logarithm of any number N, to the base e 
log logarithm of^any number N/to the base 10 




^ml milliliter 

gallon (3.7£i5 bt»»r8) 

m .-ih^r 

cm cerftimet^r 

mm '.:--millimeter 

in. -/ inch (2.54 cm) 

ft foot (30.48 err ) 

- gram 

ng -- — milligrajn 

,/— 

'/ molarity oi solution 

--•-L'-norrtiality c a solutio 

^eq miljiequivaie- - 

np- _— .pounds per scuare incW 

:39iirces of rodioactiyity in water 

odioactivity in water may be- of natural 
' artificial origin. The principal natural 
3es that bring radioactivity into water 
ie weathering of rocks containing radio- 
cHve minerals and fallout of cosmic-ray- 
roauced nuclides. The major sources of arti- 
?i;J radipactivity are the nuclear power in- 
try, nuclear weapons testing, and the 
3eful applicivtions of nuclear- materials 
- devices. 

L Natural radioactivity 

The principal ' radionuclides introduced 
laturally^into surface and ground waters are 
ranium, radium-226, radium-2f28, ^ radon, 
otassium-40, tritium, and carbon-14. All, 
Dut the last two derive from" radioactive 
minerals. Radioactive elements including 
uranium, thoriurii, and actinium and radio- 
active daughters, resulting from. these de- 
cay series' are important ^primarily for 
reasons of health and as potential energy . 
sources. These three natural decay series are 
headed respectively by uranium-238 (half- 
life 4.51 X10» yr), thorium-232 (half-life 
1.41xlO^Vyr), and uranium-235 (half-life 
7.13x10^ yr). In areass*of the world where 
radioactive minerals aii^ particularly abun- 
dant as in the Joachimsthal region^of Czecho- 
slovaTcia, the Minas Gterais regioif of Brazil,* 
,and the Colorado Plateau of the Ignited 
States, radioactivity in some waters mjiy 
greatly exceed ^e average concentrations 
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present in most continental waters. Dissolved 
natural uranig^. 'is the ^ma; or radioactive 
constituent in most of these waters. 
' Tritium and carbon-14 are produced b^ the 
interaction of cofemic-ray neutrons with 
nitrogen in the upper atmosphere. The triti- 
um is .eventually 'raine^J out as tritiated 
water, and the radiocarbon is incorporated 
into atmospheric carbon dioxide. The princi- 
pal riBservoir for both radionuclides is ulti- 
mately the ocean. Boti radionuc^es are also 
produced by thermonucfear weapon3 testing. 
In 1963, the year when radioactive fallout 
reached its maximum, the atmospheric con- 
centratten of thern^nuclear tritium exceeded 
that of natural tritium by apprdxlmately 3 
orders ^f ^magnitude. Tfte additional c^rbon- 

' 14 of thermonuclear origin v/as much lower 
and approximately equalled the carbpn-14 
naturally in the atmosphere. Radioisotope 
doncentrations . in fallout have diminished 
rapidly since* 1963. as a. source of ^radiolso-' 
topes" in watef. T^rjitiirm is also a fission prod- 
uct, and by 1970 -the nuclear power industry 
had probably become the largest source of 

-tritium (Jacobs, 1968). « 

Artificial radioactivity 

' Nuclear waste disposal '3 the principal • 
possible source for the leakage pf artificial* 
radionuclide^ (fission pr'oducts and activa- 
tion products) into water. Most of the waste 
js derived from the reprocessing of nuclear 
^fuel. Reprocessing is required at intertols to 
remoye neutron-absorbing* fission prodycts 
and* to recovjer the uranil^m and plutonium: 
'.Until reprocessing, 99.9 percent of the fission 
and activation products • produced remain 
Itteketi inside 'th^ fuel element. The fuel ele- 
ment is dissolved in acid, and chemicaljsepa- 
rations of-tfre higldy radioactive vSsies are 
carriM out. The final(^aste consists of a low- 
level solution, which \ay be sent to/ seepage 
ponds, and a high-level solutioiptor *)not"«olu- 
.tion that must be stored for many yfears to * 
allow radibactive decay. ^trpntiumrSO (halt- 
-lif^8.9 yr),'cesium-137 (hal^-life 30.2 yr)„ 
io^di^l2^ (Ij^lf -life' 1.6 Xio/^yr) and plu- ^ 
tonium-239 (half-life 24,390 yr) are major ' 
radioisotope of concemi It is estimated that 



by 1980, severa^miillion gallofe» of high-l^el 
Vaste with radioactivity on tne order of Id 
billion curies will be fn storagr- as a result of 
i(|3jWear power production .(lEjjgerton, t963, 

A relatively smaller an>oun* f radioactivi- 
ty may leak to the environmer: as ^ result of 
daily opie^ration of a luiclear povjerplant be- 
cause of neutrcp agtivation trf yr^its^n the 
coolant water, Ve^tron actira:ii^n of dis- 
solved corrdsibn products, slv . possible rW 
lease pf fiss^en products by .-""ective^fuelN 
ei^m^nt.. Although every nuclt;-^ powerplant 
has built-in safeguards aga.3Ji release of 
radioactivity, the possibility :z accidental, 
leakage must aly^a^s be cohsioered. 

In addition to tritium slV^ cjErbon-14,'' 
aboveground nuciear weap(^^ tesurig ^re- . 
leaseT^strontium-SO, radiocwium isotopes, , 
iodirie-l31>and other nuclide^ to tJfe environ- 
ment. The fraction 'of the^t ^dioriuclides 
that fall out or, rsan out intr wi,:;er bodies or 
watersheds constitute ^sic: ..!^ n source of . 
water contamination. • 

Peaceful applications ■ r]UC.>?ar explo- ^ 
sives, siich as nuclear* ga^- stiniiiiation and 
nucledr mining, present a possible source of 
locally intense contamination orf ground 
water. If venting occurs the possibility o:^ 
contamination of su^^ace water by fallout 
also exists. , • 

Nuclear i-esearch^labor-^^tortt^i. hospitals, 
the very, limited numi>*'^ -" industrier 
IS- radioactivity Cons^ w a. r^lativf^' 
mmor ^out . e of possible zadionuclide l^^^*^ 
age, bu-l^may ^£of "lo^a^sigiiificancre. ^ wff 

Measureable radioactive niater-^ may. mtW^" 
rive from sources not ndrmalb ::onsidered 
radioactive.. Examples are fly asn from' the 
^combus^on of fossil fuel (coal inay contain 
uranium and radium^ and the ceramics in- 
dustry (uranium salts/lare used in the prepa- 
ration of some glazes) . ° . 

Permissible coui^ntrotions of 
rodiooctivity if^effliients to ' 
unrestricted oreos . 

Cui;^ent values are tabulateienn Part 20, i 
* Standards for Protection ^Ag^ipt Radia- 
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tion,''- published and u]^ated peir"^-.hcally by 
■"Che U.S. Nuclear ' Regulatory . ^ri^iaiission 
<?1976) . The Comi^iasion is the ^ of the 
permissible concentrations of '•:ibJuU2activity 
in effluent (PCRE) valu^ rex^r^rw^: tor the 
nuclides in this, manual. THe a^^^ 'irrsnce of 
the values apd tlje basis for th<er : ^puta- 
tion is described in. Nationa Bureaa of 
< Standards (NBS) Handbook 5::: ) and 

NBS handbook 69 ()959>. The \ ^ Public 
Health Service ha*s published -^orsm^nded' 
maximuin concentrations for radium-226, 
strontium-90, and gross beta acuvity in 
drinking^-water (Drinking Wai<?r Standard?, 
1962). Updated standards published in "Wa- 
ter Qualify Criteria^ 1972'?' (19":3 1 are quoted 
in addition, when applicable. / ' 

- Additional ■ drijxking-water regulation! 
were published in the Federal ^legister, vol' 
,ume 41, No. 133, July ,9, 1976L as a supple- 
ment to^Title 40; Code of Federul Regulations 
(C*FR),'Part 141. The National Interim Pri- 
mary Drinking Water Re^; iations (Part 
i41) have been published '( _ -^"S), but were 
in the process of revision a :ne tinle this 
pai5er was written. ^ 

Radiologico^ safety 



y^Energy Agency includes repoirts of particu- . 
lar val^e toiaboratory users of^dioactiyft^ ^ 
rSafefe^dling of Radioisot^opes" (i962) 
khd the ''Hpalth Physics Addendum" (1980) 
/are cited. Precautions against contaipii^atfion 

* and pro^^ures for decontamination are de- 
tailed in the National Bureau of Sttodards 

'publication ''Contrpl and Removal of Radio-, 
active ^ Contamination ih Laboratories" 
(1951). Procedures to .be fpllowed ii event.of 
an accident involving radioactivity are de- 
sc^bed in /'Medical Aspects of Rajiiation 
accidents^' (Saenger, 1963-) . ' , 



The radiochenyst or 



/ 



r-A? ' ' ases thp 
methods in thi< hitoua. e an ad^e- 

quat€rNf&*ining in radioU>^- - ^ nealth and 
safety prartice in the laboratory . Such train- 
ing is a requirement for dbtaihing thl^-tJ.S. 
Nuclear . Regulatcgy ^JC^smjh^ license to 
use radion^uclidf^s. AnalysiS of even enviton- 
ment^l-level samples will generally require 
the use* 'Of ^yariou^ radioactive^ calibration 
planchets Qr standardized solutions, some bf-c 



Discussions of various aspects of radiological 
)' safety are given in the following suggested 

' references. An introduction l?rthe subject is 
found in the /chapter^ o^ the radiological 
laboratory in "GuideJfor Safety in the Chemi- 

'cal Laboratory" (M.V.A.,^1954). A compre- 
Hensive -.exposition, of radiological health 
physics is ft^und in *Trincipies''-of Radiation' 

i^rqtection" (3Iorgan»and Turner, 1971). 
/The ^afety series of the International Atomic 



Geochemisj^y radioactiYify : 
^ ^in't^ater 

, Dis^ved,and particulate radioactivity in 
wacter is controlled by the ssme mechanisms 

.-that affect 6ther trace and niigi:?o constituenja 
in the geohydrologic environment Radioac- 
tive, disintegration of an atom by alpha and 
beta decay . results in the formation of an , 
atom'of a net^ element,'' frequently in an ex- 
cited state. Gaipma emission results from 
such an atom in the excited state gding to a 
lower^ energy state. The geochemical behavior 
of a daughter element* may. be grossly differ-' 
entyfrcm that bf \he rac ioacti' e parent, al- 
though its occurrence, distribution, and 

'tragsjjj»ftmay^e governed by the parent. 

\ Carbon-14 

Carbofl-X4 is th?^ radioactive* isotope of 
(^rbon- with a half-life of 5,730 years. The 
o^r half-life ^valne of 5,568 yr is generally 
used ior the ^Iculation pf ages in order to 
maintain consistency with carbon-r4 dates in 



whiph are- hazardous if not properly used. the old^ literature. Ages baaed on the-glder 

half-lif^alue are conve^te^ to the'basis t>£ 
the nev^r half -life b/- multiplying by 1^03. 
Carbon-M^decays by the emission of a beta ' 
particle \mR the loW maxinium energy of 156 - 
key. • ■ • . . . " s * " 
* Neutrons ''produced b'Jr primary cosmic^ 
radiation interact"' with stratospheric nitro- 
gen to produce cai'bon-14 and hydrogen : ' 
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METHODS F0R DETERMfNATION OF RADIOACTIVE 

Thf ^ate of production in the atmosphere the Sjtft^gni jp 
ftstimated at aDDroximatelv 2.4 atoms Der"^ ^nuclear, wfe&rons te 



NCpS 



is estimated at approxinjately 2.4 atoms per 
\ second per square centimeterix^Jth^-JEal'th^ 
surface (Libby, 1955). Carboai-tCis- also a 
product 6f thwrtnonucleaiL weapoffs testing. 
This source had approximately doubled the 
atmospheric concentration of carbon-14 and 
bad increased the. cQncen^ration in surfaciip 
ocean w^ter by about 20 percent by' the 1^ 
1960^s (Nydal, 1966). Pi>ssible c"^ntamina^ 
tion of ground waters by thermonuclear car- 
bon-14 imposes a severe limitation to the 
application of carbon-14 datinj?. 

Garbon-14 produceditJjMiosinic radiation is 
oxidized to carbpnj dioxide and iSvtrarispoirted ' 
t^:fejie lower atmosphere by mixing presses 
where ^p^it enters the biological ^cyae.*" Some 
radioaAive carbonates enter the hydrologicaU 
. cycle and provide the' basis fojr carbon-14;dat- 
^ ing of^;^der ground waters: The specific, ac- 
tivity of ■ cosmic-ray produced carbon-14 in 
the atmosphere, surface waters, and all.liv- 
. ing md^t^.was determined by Libby (1955) . 
/to be 16jdpnTiD6r gram of carbon, but is now 
considered toSe lovt^^er. Suess (196^-) deter- 
mined 14 dprtfper gram of C2Lr\>on. 

The specific activity of carbon*14 in. car- 
bonaceous material cut off from contagj; with 
^the atmos<)here, such as the carb6nate sjecies 
in g^^und water, aecr^ases at a rate con- 
troUed^by .the carbo^l4 halfAlife. The car- 
bon-14 to carbon- 12 ratio is alsc^ffected by 
exf Mange o^ carbonat^ toetw^n the water 
and aquifer, biochemicaKeflfe<its, and possible 
reactions with silicates. Compensation for 
exchange eflFects^has been attempted through 
the carb^n-XS td"^ carbon-12 ratio 
-«,66). .'^^ ^ *^ 
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Cesium-137 and cesium-134. 



Eljjfven cesium isotopes ^ are J fission prod- 
.^ucts, but usually rt>nly cesiurr^37 . is signifi-*^ 
^ant to ^ water (fuality. Cesium-134 is pro-s^ 
duced iiyfission by the neut^n activation of 
cesium-133, a fission product. The half-life of 
.cesium-137 is 30 yr ^nd that of cesium-134 is 
2.7 yr. Cesium-137 has been deptjSited 
throughout the world, with much higher con- 
centrations in the Northern Hemisphere than 



temisphere as a resul 



il^of 



nucleai^ weapons testing. 

Eithey ti>e beta or gamma radiation jasgpci-^ 
ated with the cesium- isotopes may be used for- 
their detection. Detection by beta;- ra4i^ttion* 
is mqre sensijtiveTt)ut less specific. The use of ^ - • 
gamma radiation permits distinguishing be- 
tween thp, isotopes by means of ener^ dis- 
crimination since th^ energy peak fdr cesi-^ 
'• um-137 (bariuiW-113^) is at 662 keV, and the^^^ 

principal peaks for cesium-lS^ are at 605' 
•^keV an^ 796 HeV. Preconcentration* of the ^ 
^radiocesium is used befpre coupting,''in eii^- 
ther case, to permit detection at low.envii 
mental levels. Four to 20 liters of sample 
have been used with th^g^mma-countipg 
technique depending on sensitiVity required. 
, A few hundred jniiniiters are. usually^ ade- 
quate for the beta-counting technique. 

^ ' Lead-210. 

Lead-210 ori^tiates from the decay of 
radon-222. The isotope^s a beta emitter Vith 
half-life of 22 years. Lead 210 formed under- 
ground lis probably trapped on exchange sftes 
of cliay nrinerals^oi;, other reactive mateiij^ai 
and presumably has vety limited migration. 
The leaaj210 formed^y decay of atmospheric 
radbn en:ersthe hydrologic cycle principally, 
through Wecipitation. A smaller part is^e- 
mof^d frMi^the atmosphere .as di^ fallout.*^ ■ 
Most of the'^ lead-2ip falls cm the oceans 
where it finds use as tracer for ^he inv^ti- 
gation of vertical mixing. Some leadr210 en^. 
ters terrestrial surface waters* ^ and the 
* permanent snow fields. v^The half-life^is con- 
venient^fe© dating more recent snow deposit?, 
and the natural level of lead-210 has n,ot been ^ 
upset by huclear 'Weapons testing as is the 
case with tfitium. Estimation 4f the lead-210 - ^ 
^jintout through precipitation, a fequireihent 
dating of sfiow and ice,^mi58t be based on 
actual m6asur^ei\ts of t^c lead isotope since 
calcjulation on the basis of ^ec|fiilibrium*\Wth/ 
prevailing radon ppncentratioiis isvilot at- 
.curat^This was 'Shown ^^y P|i1;^fson and ' ^ 
Lockhart (1964) who made a latitudinal sur- 
vey df lead-2i0 in ground-level air. 



\ 1 



ERIC 



TECHNIQUES OF WATfiR-RESOU^OES INVE§TIGi^T10NSL- 



EKLC 



- l<he lead-210fVe(jBt^t;^^ 
.peajfs'-to vary greatly with, individual storins; 
. prcSjiSably depending on th^ trai^toiry of the 
air' mass. Rama and Gddberg (1961) re- 
Ported pCi/1 for. surface ocean water 
and 0.13 to 6.7 pCi/4 for Colorado flivei" wa- 
ter. HolizmauB %I964) , using the more sehsi- 
tive-polonium-210 Jilpha-counting technique', 
tfound an average of j). 127 pCi/1 of lead-210 
in untreated Illinpis surface waters and'&.05l ] 
pCi/1 in well waters. As expected,i the sorp- 
tion of lead by soil reduces the concentration^ 
in^^ound water. Hdtzmanh'foun^^that lead- . 
•210 ^nc€ntrations-^n potable 'waters of JHi^ 
noi^ ^vere generally ^much/ib^eldw radium-g26 
conceritrations. ^ • 
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Radium 

Raditrm is a ' radioactive ^member of the^ 
.alkaline-earth family th'at/s widely dissemi-^ 
nated throughout the lOrust of the Earth, 
i^our isotopes of racdium(are members of the' 
three^na^ral-fr^dioactiveWries^ The isotopes 
w||th their natural 'series and decay data are ^ 
listed below. 



Iiotop 



Set id 



Raditim-223 Actiniu^n 

»Radium^^6 Uranium 

Radium^228 'The 



lonum 



HalMife.' 
. 01.43 d 
^ 3.64 d 
1,602 Vyr 
\ 5.75 yr 



1 mode' 



The* concentrations of fhe^dijim jsotbpe3 
iij geologic and hydrologic materials va^^ 

'greatly in nature depending on the uranium', 
and thorium coricen^ations !n th!e source and ^ 
the geochemical history, of the ilva^erial., , 
. Cheinically, r^ium is ana^gous to li^i- 
um ; the carbonates^ auljfates/antfx^liromj^s . 
are jrisol able, while the* chlorides, nitrates, 
ahd hy'dpoxirfes are'sojuble in water. The di^-^ 

ytribut^ of radium is governed n^re by the. 
distribution of uranium and thWum, how-^ 
ever^ than py the geochemistry of radium. 

Radiufn-226 and radiuni-228 are the most ' 
important isotopes of Vadium 'found in water 

. 'because of their lotigervhalfrlives, health^ sig- 
nificance, ^d as geochemical indicators of 

.-uranium ^t ^d 'Ij^jb orium respectivfely. On the 
basis that the>JWld abundanc"^ of thoriunris 
approximately three times, that. of uranium 



i 



and^the spfeci*fic'aclivity^o£thoriumv232'is ap- 
proximately oita-third thayjaf ^ranium-238, 
the wo'rld activrby invehtoAes of radium-226 
and' ^dium-.2M shoHi^^(be roughly equal, 
\Vorld activity ihventorjr for radiumr224 
^'ould also be equal to that ^6f radivim-22& 
since the two are in .radioactive equilibrUim'. 
The local 'relative .abundances of the 22p an^ ' 
228^adium isotopes m^y v^ry greAtlyi how- 
ev^,' as>a jfunction of tke locial,uf^hiHm to^, 
thorium Ratios. Also; there' m&y, be extreme - 
local variations- in the ratioX)f radium-228 to 
radium-224 'because the latter is produc^ 
from the former through an- actiniJm and a 
thorium isotope. B^use the geocliemistry of 
actinium ajid thorium are signtlicaritly' differ- 
ent from^tliat bf*^j*kdium, there is great ^p- 

' portunity for locaPdisequilibria. 
^ . Radium found in waters from most g6o- - 
logic ter^anes because of the wide distribu- 
tion of the'3>^rent elements in nature.' Con- 
centrations of ra4ium-226 ii^ freshwater 
usuallyare less than 11-24)Ci/l. Concentrar 

^ ti'Qns of radium-226 ai^ \the 'Cambrian and 
Ordovician limesston^. ofv ^orth^ ^entral 

tJnited States -often ^3;ceed'3 pCiAt and in 

• certkin ^(Juifers of^the Colj^jfad^PlateaU, the 
concentration may bamuch hfgfrer (Scott and 
Bark^r^ 195^|^ Wa^r • that^ loaches >vasfe. 

jpiles from xiranjun\ miriihfij^and milling op- 
erdtioigl^may cotitain radiifm at much higher 
levels.' ' . . ^ ^ " vi^ / 

While most of ithe, i'a<iftum Investigations^ 
have centered oFuthe.226 ISjptope, woi*k iii 
U.S.' Geological Sujvejj has shown .Ih'e im- 
portance of raifium-228. Johnson '(19710 fe- 
^rted that concentration of radium*228 ip 
several streams of the , Froflt Eang^ near 
Denver -excdSeded the ^weeiUifatiji^Qf radi; 
um^226. This agrees -^ith the .*twice normal 

'abundance ratio. of thorium ^o^'uraniurn for 
th^area. Krause (1959) - reported* relatively 
high concentrations, of radiunnl-228 in wells 
tapping deep ground-water aquifers in Iowa, 
Wisconsin, Illinois, and Missouri. 

All radium isotope^ ^re hazardoua^becaus^e 

/of the bone-seeking • properties of the ^ele^ 
?bent. Concentrations in tfce bone can lea^ to 
fSiigSancies. Xhe,T?.S. Public Health Service 
has xecomfnended 3 pCi/1 as the upper limit 

- ' ' • . I: • 
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raraium-226 in water for public consump- 
tiqn. The U.S^ Nuclear ''Eegiflatory Corpniis- 
;Sion (NRCr'(.J976) gave *he f(*llowing^1^ 
"^ssible ^onceijtr^tibns of radioactivity in v 
effluent (iPCRE> valWs for radium (soinble) 
waste soluf ions th^t may^,^ rele&eed ifc 



in 

Water bodies acae 

^ Radium-X23, --v^- 

.•RadiuHi-226 ^__J.I^— ^l — 



, - ^ ' Radium-2'28 



e by the public: 

2,000 pCi /I 
aOp'Ci/l' 
30 pCi/J 



;^he "WatOT Qj^ality Crrteria>1972" 



'intake^ 
d ^con- 
a Q.25 



1973^ recomnrended a radiiim-226 
limit Of. 0.5 l^Ci ' d: Assuminj^a ^1 
,3lum;^:^n 'rate, this i^ equivalents 
pCiVt cbncentreition litTjit. ^ ' 

Three analytical methods. for.Tadium^i^- 
^tppes are rej>prt6d, eacih;^erVing a' diffenent 
purppse/A determination of the gro^s ulpHa^ 
. radioactivity of radium is the simplest p^^^.^ 
cedure sirid ^is. satisfactory wkere identiftj^' 
^tion of individual alpha;^mitting isotopes i^ v 
notV^U^red.^ A second proGedujrp is specific 
for radium-226 and a third for radium-2^8. 



•^Ritthenium-106 and ruthenium-103 are the 
iinnoVtant ruthenium ii^9,topes produced in 
nuclear tissioit^he^ may be present ih'pre- 
cipitation-'and surface waters after atmos- , 
pheric |i.uclear testing. The\short half -life of 
ru'thenrum-103. (39.9 d) essentially rules out^' 
its presence in ground water. Ruthenium-106 
' (halftlife 368 d). may^be found in groutid 
v.\vatf?r in th^ immediate vicinity of under- 
ground, nuclear^ tests. Both isotopes are beta 
^emittjB'rs 'with' maximurti energy of 0.0392 
MeV f^r ruthenium-106 iand maximum'ener- 
gy of 0.70 MeV (3 percent) and 0.22 MeV 
(9.7 percent) for ruthenium-103. Ruthenium- 
,106 is determined by counting' the daughter, 
xhodium-106, with which it i.s.in secular equi- 
librium. The more energetic beta particles of 
rhodium-106 (3.53, 3.1, 2.4, and 2.t) MeV,) 
are more easily detected. 

The NRC-PCRE value for ruthenium-106 
in effluents' released to uncontrolled areas is 
1X10 ;.Ci/ml (10,000 pCi/1). Ruthenium 
concentrations determined by procedure R- 



llbo-^6 are reported as' i-uthenlum-i06jj^l- 
though ruthenium-,103 may^so J)^ ^r^erit 
in' the sample/ After g,moni:^ decay (6 half- 
lives), 'the ruth'enium-10? '^ofacepjtration is 
ilsually insignificant; ^- ' ^ • 



/ " " » Stroiitiuiri-90 • . -' r^,^ 

" Tsluclear 'fission 'iJrwiuCe^^^^ 
isotopes-^f strq^tium : - strontiimi-90 (half-. 
Ji^^ 38!^ yr) ^aad:sWVnti'um'-89 (fialf-life 50.8 * 
\ d)» AfbKough; the litter n\id|ide Jia3 irritially 
greater activ^Jj ti^h^ 

tium-;&0 make^. it jn^i^e ai^J&cant' to world- 
V y^ide "^erfvi^onihSftt^lV^^^ Except, for 

.'short' penddsf^wint atmospheric nucleari 
-iesting, ' strohtium^9i^\s the' predominant* 
radioi^'tope of this elemTOt?^ori tfie Earl's 
^^iurface. ^ This nuclide ^s now widely dis- 
.tributed in* maii^s enyirpnmen4;,f rom strato- 
spheric'and. tropospheriac|a-lloutf Higher pa;^^ 
centratioHs exist in 'the Northern Hemi-^ 
sphere. It is often .;detected in'^ils,; foods,^ 
Vater, and biological materials. The ''Water ' 
.,Q^lity Criteria, 1972" (EP>, f973) recom- 
mended li^it on stro^tium.90 intake , iri\ 
water used for public supply is 5 pCi/d. 
Assuming a 2 T'd consumption rate, this is 
equiyalenfto a 2.5 pCi/1 concentration limit. 

Tritium (hytfrogeh-S)* 

Tritium is the radioisotope of hydrogen 
v^'ith atomic weight of 3. It decays by pure 
beta, emission with half-life of 12.33 yr. The 
beta particle^ have anv Average energy of 5.7 
keV and maximum energy of 18.6 keV. Triti- 
um is 'formed in the upper atmosphere ,by 
cosmic-ray spallation and by the interaction 
of fast neutrons. with nitrogen : 

■ . , •^ + 'n-^''*H + ^2C. 

r 0 I « -a 

The natural production rate of tritium is 
on the order of 3'0 atoms per square centime- 
ter of the Earth's surface per minute. (Kauf- 
m'an and Libby, 1954). 

Tritium is also produced by thermonuclear 
weapons testing. The first tritium from this 
.source was detected in 1952, and l^y 1954 the 
thermonuclear triffum was substantially 
greater than the natural tritium. (Begemann 



8 



TECHNIQUE OF WATER-SE^OURCES INVESTIGATIONS 



.and Libby, 1957). thermonuclear tritium 
reached a peak in 1963 when the concentra- 
tion]^ in ; the Northern Hemisphere exceeded 
•the natufal /level, by approximately 3 orders 
of magrnltude. . • , 

tritium is principalWof interest to the 
hydrdlogist as a water-d|ting tool and as a 
J:t-acer, introduced eitherlnaturally or arti- 
ficially, -for investigatingj^ ground-waWr hy- 
drodynamics in-areas of relatrWly rapid flow. 
The tritium dating of ^rouiid water that en- 
tered as- rechWge before 1952 is based on 
radioactive decay of. tritium and the "pre- 
bomb" concentration^of ^pprQximately 8 tFi- 
tiuin units (TU^, (T Tu = l t atom/10^^ H 
atoms) detennjned by^ Kaufmann and Libby 
(19541. ' / . 

»the^ dating of ground "water Gjnginating as 
recharge aft^^l 954 is based on the correla- 
tion of tritium^.concentr'iJlions in the ground 
.water with kno^ f alloy t peaks. The applica- 
tions of tritrtim nvhydrotogy are reviewed by* 
Thatcher (1969). ' • 

Tritium is also of interest in public health 
inasmuch as concentration^ much exceeding, 
the natural, level may be released to the en- 
vironment in the course of ti:itium tracer 
^iments, "nuclear powef production, 
weapons testing, nuclear waste disposal, and 
'TldWshare" activities. ''Water Quality Cri- 
6teria, 1972" (EPA, 1973) notes that a tenta- ' 
Jfive limit of 3,000 pCi/I of tritium has been 
prepared for the revised edition of "Drinking 
Water Standards.': The NRC (1975) PCRE 
value, for tritium in effluents released to un- 
cqrifc|:alted areas is 3 ^Ci/l. The liquid-scintil- 
lation counting technique provides all the 
sensitivity required for monitoring tritium 
concentrations at the levels significant to 
public health. ^ 

Although tritium is not a major fission 
product, there is a significant production of 
tritium in nuclear power reactors. The great- 
er part of the tritium remains enclosed in 
the fuel element until the latter is dissolved 
for reproceS^injg. The production of tritium 
in reactors depends greatly on the reactor 
type, and estimates of, production are 
subject to many uncertainties. It seems clear, 
however, that the reactor contribution to the 



tritium inventory is substantial. Sources of 
tritium have, been reviewed by ^Jacobs 
(1968). ' . 

Determination of tritium cadioattivity is 
complicated by the very low, energy of the 
beta radiation which necessitates mixing the 
tritium intirtately with the counting medi- 
um. ^Gas prhase Counting is carried out by 
introducing the tritium as a gas (HT) into a 
proportional .counter containing the proper 
pressure of hydrocarbon gas to assure opera- 
tion in the preportional region. Liquid scin- 
tillation countin,g of tritium is carried out by 
mixing the tritiated water sample witi an 
organic scintillator suspended or dissolved in 
an organic medium compatible v/ith water. 
The efficiency of gas phase counting may be 
very high, 60-80* percent. The efficiency of 
liquid scintiWation counting is on the order 
4>f 20-25 percent 

Since the decay rate for 1 Tu concentration 
in water iS only 0.007 dpm/ml and the back- 
ground count (gas counting) is on the order ■ 
of 2 cpm, it is obvious that enrichment of the^ 
tritium in the water sample is required when 
low concentrations of tritium are to be de- 
termined. Enrichment is carried out by elec- 
trolysis using essentially the same process as 
is used for the preparation of heavy water. 
Passage x)f electric current. through water re- 
sults in the liberation of the light hydrogen'- 
is^otope (protium) at a faster rate than the , 
Keavy isotopes (deuterium, tritium), thiis en- 
riching the latter in the residual water. ' 

Uranium 

Uranium is widely disseminated in the 
lithosphere, and most natural waters contain 
detectable concentrations of this element. 
The a^rage ' concentration in the ocean is 
about 3 ^g/1 (Rona and others, 1956). The 
uranium content of ground and surface wa- 
iters varies greatly, from less than 0.1 fig/\ to * 
several milligrams per liter (mg/l)..In most 
natural waters the concentration is less than 
10 ^g/1. The limit on uranyl ion (U02+^) in 
public supplies (Water Quality Criteria, 
1972;i^is5mgA 

Dissolved uranium in natural waters exists 
principally as uranyl ion (UO^^^) which may 
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be complexed witli carbonate. While uranium 
in surface waters is a:lmost. entirely hexa- 
valent, ther^may be an appreciable percent- 
age of tetravalent uranium under reducingy 
conditions found iij some ground waters. Tl 
latter is predominantly Vompleyed and /is 
highly insoluble in basic solution. 

'Uranium in natural water is important in 
geochemical prospecting 'and;as an indicator 
of pollution from mining operations. It is un- 
likely that uraniimi could reach concentra- 
tions significant 1tc\ health, although a high 
concentration of urakimp- could be indicative 
of .pos&Jble high levels of much more 
hazardoui radium isotopes. 
" There are the three, natural uranium 
isotopes : . ' 

Abundance Half-liffe 
• Isotope (percent) (^r) 

U-238 (U series) O^mC? 4.51 >^10'' 

U-235 (Ac series) ' .72 7.1 XlO" 

U-234 (U series) .0Q(3 2.47x10" 

Uranium-234 is related to u'raniura«-238, 
the parent of the uranium decay series, by 
the following decay sequefnce : 

U2.is«Th-^.(24.1 d)^Pa^^'(1.18 min)?U'-*\ 
The total world radioactivities of the 234 
and 238 isotopes rTIUst be equal since the two 
are in secular equilibrium. Local physical and 
chemical effects may result in local disequi- 
tlibria \vh;ch are of geochemical interest and 
have been given intensive, study. Disequi- 
libria may. result from physical or chemical 
mechanisms. The principal physical mechan- 
ism is the energetic alpha recoil associated 
with » the decay of urajiium-238 to thorium- 
234. This may rupture chemical J^onlds and 
permit thorium to go into solution in/ground 
water where it. decays to uranium-234. Al- 
though thorium is considered to be sorbed by 
sediment, the presence of dissolved organic 
matter or other complexing agents may tend 
to stabilize it.' Since both intermediates, 
thorium-234 and protoactinium-234, are 
chemically different from uranium, chemical 
differentiation may occur. Difference? in oxi- 
dation state between the 234 and 238 isotopes 
can have an additional effect. These effects 
frequently lead to enrichment of uranium- 



23/m water (Cha^ov and others, 1964; Cher- 
J^itsev and other^, 1961; Thurber 1962). 
"^Depletion of the 234 isotope is" less c6mm6n. 
Isotopic -dating ^'of waters, .correlation of diS^ 
equilibria vt^ith rapid leaching (important in 
pollution studies), and the geochemistry of 
uranium ti'ansport are ex^ples of the possi- 
ble application of uranium isotope disequi- 
libria studies. 

While the u$ual objective of the analysis 
is determination of^the Turanium-234 to 238, 
activity ratioVit Is.ialso possl^ble to determine 
the activity ratio )of the 235 isotope to'*238. 
The uranium-2afv to 238 ratio is constant 
(1:137) in the absen^e/of^rtificial depletion 
or enrichn^ent. Thet»ef6l-€g ian increase of the 
235 isotope is t^asbn ta^usp,ecj;;;th6 presence 
of material •]{^roce^sed for nuclear fuel. 

Collection and treatment 
' of samples 

The principal requirements to be met in 
samj^ling a water body for the determination 
of radioactive constituents are the same as 
for other constituents, that is, collection of 
samples in an orderly sequence that provide a 
representative analysis of the water body 
both areally and temporally. Considerations 
involved in setting up a sampling program 
that yields the required representative/infor- 
mation are -discussed^ in detail in_ an earlier 
chapter (Brown and others? 1970) in this 
^series of Techniques of Water Resources In- 
vestigations of the U.S. Geological Survey. 
Reference is made to the earlier chapter for 
discission of site selection, sampling fre-^' 
quency, equipment, sample identification, and . 
other elements of an organized sample-collec- 
tion program. Guidelines for the collection 
and field analysis of ground-water samples 
are given by Wood (1976). If analyses for 
the determinations described in this manual 
are to be made by a U.S. Geological Survey 
Water Resources Division central laboratory, 
the appropriafe section chief should be con- 
tacted. Specific information can then.be ob- 
tained for collecting the samples, obtaining 
the necessary sampling supplies, and so 
forth. 
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The overriding problem in! sampling for 
radioactivity is preservation or the extremely 
dilute concentration of radiooiuclid^s. (usually 
in ,>tAe nanograni- and picograrn-per-liter 
range) in their original ^conditions until the 
' anawsis can be performed. While preserva- 
tionlof the original tiondition of 'the sample is 
a ge^eralj^bblem in v^ater analysis, tl)e 
extrem^oilution of the raflionuclic^es greatly 
inten^es the problem. Although^ extensive 
research has been given to the chemistry of 
extremely dilute solutions/ the practical re- 
sults in terms of preservation of the sample 
have not been completely effective. Indeed, 
conclusions from different investigations are, 
often at variance, and indicate that the essen-/' 
tial phenomena are not compretely under/- 
stood* ' . / / 

Early in the history of radiochemistry tlie 
term ^'radiocolloid" came into/ use as a result 
of apparently cqlloidal phenomena (bbser^ed 
in radioisotope solutions (diaaytic, separation,,' 
nonionic migration- behavior in thie electric 
field, and so forth). Although radftbactivity 
produces, electrically charged centers (which 
could attract other ions to form aggrega- 
tions), it is unlikely that tne pher omena in 
very dilute solutions of radioisotopes, are 
greatly different from phenomena in very 
dilute solutions of nonradioactive icns. Starik 
(1959) has exhaustively reviewed nhe earlier 
work and finds both colloidal and n(^i;icolloidal 
behavior depending on conditions. 

Starik also investigated the effect of filtra- 
tion and found that radioisotopes were re- 
tained in varying ratios by different filter 
media depending upon the pH and other 
chemical fai2ftors. Overall,- both soription Ipss 
and filtratipn loss are functions oi the cbn- 
centration, pH, oxidation state, electrolyte 
composition, and presence of tracps of col- 
solution such 



col- 



loidal material in tne solution suc^n as 
Ibidal silica as well as numerous other 
factors. Many observations of "radiocolloids'*' 
are apparently attributable to sorption of the 
radionuclide o'n traces of colloidal silica. 

Tests suggest that the sorption loss in 
natural-water samples, as against sorption, 
loss in very dilute distilled-water solutions, 
may be relatively small.^Many or; the tests . 



repor^ i in the. literature 'are based on dis- 
tilled- ater solution, and thus are not entire- 
ly rele ant. • 

Simuar tests with urajiium showed no sig- 
nificant ioss uader any condition.^ Hexavalent 
urani 'm is stablfe in natural water exposed tp, 
the atmosphere, particularly when bicarbon- 
ate is present. Earlier tests by Janzer (un- 
/pub. data) are in agreement with the above, 
/ findings. Si^i^ace-water sahiples were col- * 
lected in polyethylene bottles under three 
conditions :/no treatment, filtered and acidi-^ 
fied at time of collection, and filtered at time 
of collection but not acidified. The concentra- 
tions of radium, arariium, and gross alpha- 
beta Activity determine4 . repetitively fn all 
three samples agreed closely aild did not sig- 
nificantly change with time. 

It isj generally recomm^pnded that acid 
should /be added to very dilute solutions of 
trace elements for the purpose of minimizing 
sorption loss of trace elemei|its from the solu- 
tion while it is in contact with a sample con- 
trainer. This is the practice recommended 
herein, but it should be noted that the experi- 
mental evidence is not at all-conclusive. There 
appears to be significant evidence, from botl) 
radioactive and nonradioactive work with 
trace elements that the individual chemistry 
of the elements must be considered, and op- 
timum preservation techniques for each ele- 
^ment, or for chemically related groups of 
elements, are required. Starik (195^) re- 
ported, for example, that polonium isj;jSorbed 
most strongly (on glass) at pH 4.5, and while 
the sorption is much less below pH 4, it is 
reduced to the minimum above pH 8.'.He also 
reported minimum sorption of radiotantalum 
at pH 10 with maximum sorption at pH 3.5, 
and maximum sorption of niobium-95 at pH 
2. 

Ground-water samples are usually clear 
initially but may become turbid as hydrated 
iron and manganese oxides form on exposure 
to air. It is essential to prevent the formation 
ofHhese precipitates because they can copre- 
cipitate radioactive elements. Precipitation ^ 
of hydrous oxides is prevented by acidifying " 
the sample after filtration. Sufficient reagent 
grade hydrochloric or j nitric acid should be 
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added to the filtered sample to obtain a pH 
1 or less. 

A 4-liter sample is"^ usually adequate :dt 
radiochemical analysis of gross alpha, ss 
beta, uranium, and radium. Additional s n- 
ple may be required if other analyses or e- 
runs are desired. Recommended samp_.ng 
procedures for surface and ground waters 
are described as follows 

1. Collect and store the samples only in spe- 

cially, washed and labeled 4-liter poly- 
ethylene sampling bottles provid^d by 
the radiochemical laboratory. The bot- 
tles are cleaned by the following pro- 
cedure: Wash with tap water; add 10 
ml nitric acid, and refill with tap water ; 
allow to stand overnight; empty, and 
finally rinse several times with small 
amounts of distilled water ; and drain, 
and allow to dry before capping and 
storing. 

2. Surface-w&,ter samples are collected to ob- 

tain a •representative sample of well- 
mix^d water at' a single point, generally 

^ near the center of the stream or river if 
possible. Prefarably only clay- or silt- 
sized particles should be present in the 
sample if samples are to be analyzed 
for suspended gross alpha and beta 

- radioactivity. No filtra^tion or acidifica- 
tion is usually required if dissolved and 
suspended gross alpha and beta radio-, 
activity and dissolved radium or urani- 
um are desired. (Other analyses may 
require special handling,* and the ap- 
propriate Central Laboratory section 
chief .should be contacted for specific 
details.) Leave an air space of several 
centimeters to allow for volume 
changes with temperature. Seal the cap 
with vinyl tape! Ground-water samples 
should be filtered through a 0.45-mi- 
crometer membrane filter at the time of 
collection. Add sufficient reagent-grade 
hydrochloric acid (preferred) , or nitric 
acid, to lower the pH to approximately 
1. Minimum value of concentrated acid 
that should be added to a 4-liter sample 
is 8 mL Alkaline waters may require 
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more acid. Test with pH paper. Seal the 
cap with.vinyl tape. 

3. At the time of collection, fill out appropri- 

ate, sample data form as completely^as 
possible and Include with the sample in 
the manner prescribed by the analyzing 
laboratory. When compiling the results 
of the analysis, it is essential to have 
all the information possible pertaining 
to the conditions which existed at the 
time the sample was collected. 

4. Box the samples ii\ the cartons provided, 

and ship as soon as^ssible after col- 
lection. Be sure tha'Preturn address is 
on the shipping label. 

5. During winter months,^ it is. essential to 

mark the cartons ''Water Samjple. Keep 

from freezing." 
When sampling a ground-water system for 
tritium or carbon-14,;it is particularly im- 
portant to select the sampling wells with care 
so that a representative sample is obtained. 
The well should be properly Sealed to mini- 
mize surface-water contamination, and it 
should preferably be in constant use. A high- 
ly productive well is preferred to a low-yield 
well. The well should be thoroughly pumped 
before the sample is taken. A perfectly dry 
bottle or barrel is used. During and after the 
collection of the sample, "minimize contact 
with the atmosphere which may contain car- 
bon-14 and tritium at concentrations ranging * 
from several-fold to several orders of magni- 
tude higher than the radionuclide in the 
water sample. - 

Calculations of radionuclide 
concentrations . 

The rr.ethod used to calculate concentra- 
tions of :*adionuclides for most of the deter- 
mination- in this manual may be expressed 
in'the form of a general equation. Exceptions 
are the calculations for uranium, uranium 
isotope ratio, and carbon-14 age. The general 
method of calculation compares the activity 
of a sample against the activity of a stand- 
ard, and collects f9r decay of the radionu- 
clide in the sample between time of collection 
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and time of analysis. If the recoitimenaed 
practice of minimizing: time del^y .between 
sampling and analysis is followed, the correc- 
tion for decay through this irrterVal becomes 
negligibly for many radionuclides. 

A more significant eo^ection is. that necesy 
sitated by decay of the standard between the 
date of its certific^ytiooi by^the National Bu» 
reau of Standards (or other supplier) ^nd 
the date of its use ^ calibrate the'analytical 
method. This time inSjfcrval may^am^unt to 
several years and in significant, relative to /- 
the half-lives of several radionuclides^ |i 

.The following gtoeral equatigp^pplil^ 
^vy^Hen 'in-growth of daughter activity is not a 
factor, ami when the half-life is long relativ;'e; 
to 'the feounting time.irThfs is the usu^H 
situation. ** . ' 

^ ' - . A KVEfie-^^y ' . ' Z 
•where ^ , < 

C = concentration of radionuclide. This is 
, usually expressed in pCi/1. 
c = c,- (6i-t-^/>-). Average K^ount rate of 
the, 8a'?;nple in counts ,per minute'- 
(cpm)|\^after correction for back- 
gTound^)&nd blank, 
where \ * ' ' 

c, = average gross sample count. rate 
(cpnp), ^ ^ 

\ • 6, = averagp blank count rate ' ^ 
(cpm\V, and 
6- = av,erag€\ background count rate 



(cprt) 



K 



Uj^ually 6, and .6:. a1*e experimental 
ly determined as a combine 
quantity.. \ 
factor to convert disintegration rate 
in disintegrations per minute 
(dpm) to' curfes. The value , of Jif 
for different concentration exp^es 
sions (C) is 



c 

mCi/1 — - 

MCi/1 

pCi/1 

F== volume of sample in 
==*counting efficiency 



K 

2.22x10" 
2.22 X 10' 
2.22 

lilliliter 
>r the nuci 



Je 

under the counting con iitions 



specified for the.determination. E. 
is usually determined by analyzing 
, standards' in the same analytical 
procedure as for samples (4 modi- 
fied procedure is used in.tw(^ meth- 
ods de^ribed in this rei)ort) , 

/= fractional recovery of the nucilide in 
the sample, 

A^decay c6aistant of the nuclide' deter- 

, mined by: — — , 

■ V, \ ■ . 

where^ • - * 

r, ■=half-life of the nuclide of in- 
terest in the appropriate 
time units, aria ^ 
' ^ = elapsed time between collection of the ' 
sample £V^id count of radioactivity 
(in same time -units as used fir A) . 

"The counting efficiency -factor jE7, jis calcu- 



lated by the following general equation i 



E- 



(2) 




wKefe ^ " • ' 

average count rate of standard in 
cpm after correction for. baclj- 
ground and blank, 
<^n = disintegration rate of standard 
(dpm), . ^ > 
//n = fractional chemical rec6}/ery 6f the 
nuclide in the standard, and 
= elapsed time between cer^fication of 
the standard and the count, in 
. some units as the respective A. 

In the determinations of gross alpha and 
beta activity, cesium-137 and 134t^tritium 
(without electrolysis), radiiim-228, radium 
as radium-226, and radium-226, the cheniical 
recovery factors / and /„ are not determined. 
The proiuct Efr, is determined by counting 
the star::ard and is substit:: ed for Ef in 
equatioT 1. This pJrok^edure i valid when / 
and /„ are equal and reproduc: )ie (within ex- 
perimenraJ limius) "and effecti*-ely cancel out.. 
The usua. situar on is that / :.nd fjx are very 
close to unity. 

^ Equations 1 a^d 2 apply wnen the Sample 



and stan ard 



counted under the 



same^ 
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conditions oti t^je same detector. This ia^ the 
normal situation. In the dete*ririination of 
radiuTn-226 the indiYidual samp4fes and. stand- 
•ards are counted in individual alpha scifitilla- 
tion cellsVeachvof which has itsWn counting, 
^efficiency (cell constant). Hence, in the 'de- 
termination radium-226 an individual'' 
counting effyeiency is det§?f^ined for each 
cell. - ^ ' 

In th« determination of lead-210, radium- 
226,^ and radium-228, the radioac^:ivity count 
- is jfinade n^n a relatively short-lived daughter 
of tl\e nuclide determined. This necessitates 
. the introduction of an "in-^o^h" or "build- 
up" factor, wlnA \l th^ fraction of the equi-, 
libjrium coijcemration of daughter that had 
grown .in at the time of separation ^from the 
^ pa rent nuclide. Since^the daughter iruclides 
are relatively sTiort lived with respect to the 
counting time, it is necessary to intro^irce a 
correction factor for decay during'the count- 
ing interval, '>Vith radium-226 and radium- 
228 it is also Jiec^sary to introduce a factor 
that corrects for decay of the daughter dur- 
ing an aging period prior to countinj^. 

Although a daughter nuclidp is Counted (in 
addition to the parent) in the determination 
of strontium-90, an in-growth factor is ™t 
used because the daughter is allowed to reaeh 
a constant level (99.5 percent of equilibri- 
um) befoBi^e counting. 

The relatioHship of the three correction 
factors to the time intervals involved in the 
counting of a davghter nuclide is illustrated 
in figure 1. The figure shows growth and de- 
cay of the daughter with time and identifies 
the significant time intervals. The general 
equation for use with ingrown, nuclides is : 
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B 



lOOOcZ 



(3) 



where ^ ' , ■ h 

C = concentration of radionuclide. This 

is usually expressed in pCi/1. 
c = average count rate of sample in cpm 
. after correction for background 
and blank, 
X=l~e-^'» (in-growth of daughter). 



100 . ' 200 

TIME IN. HOURS 
IN-GROWTH OF DAUGHTER- NUQLrtDE IN 
TIME ti 

(NUCLIDE ILLUSTF 
OF ^,82d) 

SEPARATION OF DAUGHTER FROM PARENT 
B-C DECAY OF . DAUGHTER BEFORE COUNTING. 

TIME INTERVAL ^2 : i 

C .BEGINNING OF COUNT \/ 
C-D DECAY OF DAUGHTER DURIN^G \COUNTING 

INTERVAL ta - 
t4 TIME INTERVAL BETWEEN SEPARATION OF 
■ DAUGHTER FROM PARENT AND MIDPOINT 
OF COUNTING INTERVAL 4^ 



Figure 1.— In growth and decay of a daughter nuclide, 
significant time intervals. 

y = e~^'» (decay of daughter between 
' Separation from parent and begin- 
ning of count), 



'^l-e-V. 
^^^/ counting period), 

■ "1 



(decay of daughter- during 




where 



A = decay corfetant af parent nuclide, 
t = elapsed time of parent betweerf 
collection of the sample and 
- separation of daughter, 
Ai = decay constaT|t of daughter nu- 
clide, .>\ . 
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^1 = in-ii:i'owth time 
point A to B (fig 



4), 



daughter,^ 



= delay bdfore'cQunting, point ^ to 
* . C. Separa)^i6n of the daughter 
from the parent at time B, and 
^ ' ti *= time interval for counting of the 
daugMe*, point C to 15. 

V, A^and £7 are as ^fined for equa- 
tion 1. T^heyeffici^ncy (^aldul^tion'for ingrown 
nuclides isj ' 



E = 



(4) 



with "SS^mbols ^rm iinif s as defined sin equa-^ 
. tions 2 and* 3? ^ ' 

Because of the short counting tiijie ^ermit- 

tjed by the higher concentration pf\he staW^ 
. ard, the coifjiting time is short relaiisz^o the^^ 

half-lifei Hence the ^6rrection>factor for 

decay during counting is elimCfrated. - 

The general equations 'are modified in a^b- 
x^cofdance with specific conditions prevailing 

in the determination o^individiial radionu- *^ 
;\^ides.' For Sample, / and fn are eliminated 

when cherhical separations are not used or 
. when the chemical recovery factor is included 

in the determination of overall efficiency. 

Decay terra^. are eliminated wheri the half- 

life'of the m^clide permits. , 

The terms used in equations 1 to 4 are not 

repeated! undei;^ the calculation section of the 

individual determinations u;;iless reijuired for 

clarification. ^ 




ossary 



Confidence level. The stated probability, un- 
der the experimental conditions employed, 
that ?He value will be within the interval 
indicated by the prfeci^ion around the 
mean. 

Decay. The spontaneous ©idioactive trans- 
formation of one' nuclide irito a different 
nuclide or into a different energy state of 
the same nuclide. Every decay process has 
a definite half-life. 

Dissolved. The sample is filtered through a 
0.45 micrometer membrane' filter and the 
filtrate analyzed. 

V ' . ■ ' -. 
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PiHe^ble solids. Thosp dissolved solids cap- 

able" of passingulhi^ugh a 0.45, micrometer ^ 
^ membrane filter and' driecL tg constant 

weight at I^O^C. , f 
Half-life. The time required fo\ the deciay of 

a given quaijtitjr eia radioactive substance 

jto one-half its...4^iuj5mal. mass ;*thus it 

measure of 1?ie rate of siiqh* processes. 
Minimum deteetijpiVlev41. fhe least amount . 

or conce^itration that can be detected aitd 
I • quantified by a feat methodi ' . " 
, Nonfilterable solids.-i'hose solids which are 
^ r^ai^i^ed by "a 0.45 micrometer merhbrane 

filrttr and dried to constant weig[ht^ 103°.-.' 
^"l05^a^ - \ / ■ ' 

j-PrecisTbn. The degree^ of ia^preement ai re- ' 

peated measurements of t^fe same prpp^ty 
'expressed in t^cm^ of dispersion of t^st 

results about tjie mean*" result obtaioietf by 
^ •^iesting of a honiogeneoilvs l!kmple(s> u/id|er) 

specific conditions. ^ ? ' . ^ 

I^Sorption. A general tirm for the processes of 

alDsorption and adsorption. 
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> * V Carbon-14, dissolved, apparent qge 

^ Liquidi^intillqtion method, Denver Ut) (RH 100-74) 



Pacametor^n^eo^e: ptirbon-14, dissolvsd, appar^it age (years 

flone o^s^ned ' - \J 
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1. Applicalipn \ ^ ^ 

:The. Hiethod 3&ermtnes^ th#appareiit age^ 
of c'aTb6n-14 dissolvfed in'^thrwatef sample. 

is sulteble for the ^naly^s of any natural; 
.water sample from^ which/5 'g^of dissolved^^ 
carbon be ob^hed. Ov^ (?arbon ill pierf 
form .6f/dissolveffV:;0. and its hydrobS^ 
products\rs detained. A'he ^apparfejit age, 
determined by co^paris(m with a-^ndatd 
j>fJcnov(n.age (s^e seCjS.lO), api^ies only to 
the carbon-14 in the'Nsample; Use of \he de- 
termination to^date theater. itself requires 
a nWmber of additional measurements and 
"assumptions , and ^ general knowledge of the 
geohydrologic system from which the sample 
was obtained. As noted below, a modification 
of the procedure is for waters contain- 
ing sulfate in'exces^of ap-proxiiSiately 20d 
mg/1. * ;^ : 

2. Summary of method ^ 

The method is based on that of Noakes 
and others. (1967). Dissolved carbon in the 
carboi|at€| system is concentrated from a 
large volume of water by precipitation of 
barium' carbonate. The precipitate is treated 
with acid to liberate carbon dioxide, which 
is th^n allowed to react with metallic lithium 
to produce lithium carbide: . , 

2GO2 + 10Li Li.C,+4Li,0. \ 

The carbide is then hydrolyzed to produce 
acetylene: . 

Li2C2 + 2H20'->2LiOH + C.H> 

Finally, ;the acetylene is passed over a 
vanadium-doped aluminum oxide catalyst to 
fon# benzene : 



Th*fe bfitpzen£i«'s placed in a tared scintilla 
tpn\ob«tV^' weighed, and then diluted 
slightly, wi^i a toluene solution containing^ 
mixture of^scint^latoVs sen*sitiye to low- 
energy^ betas. Tl^e ^tivity^ of 4he sample is 
measured in a liquid 'scintillation cfftinter. 
From ^flie^ r^tid of carb©n-l4 activity ^^^J^^ 
eight of Q^fcon recovered, the app^refftage.^ 
^ the^c^rbon ill the" saippl^ ^^y',^® 



rrr^ned 



Interferences \ . . ^.^^ 

The conversion from CQ\ to CaHa is ap- 
parently free of both chemical and radio- 
metric interferences.' During sample coUec- ; 
tion and precipiUtion procedures^ interfer- 
ence may re.su:" from contact with - e atmos- 
phere or" frorr. dissolved sulfate ^centra- 
tiors in excess of approximately 2 ) mg/1. <^ 

"The sample collection .must min.mize^at- 
mo>pheric contact .with the v ater. Sample 
collection *should be in a closed system from 
the sampling point to the collection -contain- 
er.'^. Collection containers (normally 15- to 
55-iral stee drums^ should be filled by in-, 
se- ting tubing to the container bottom, and 
flo— continr n until three container volumes 
hL J passe, through the CQr:aiuer. The 
.sar pling tuoe ^nould be remove siowly and 
th container zapped immediar^;:'' after re- 
moval of tne delivery tube. 

4 Apparatus 

4.1 Beakers, polyethylene, 400 ml. 

4.2 Ci/hnder, graduated, 50 ml. 
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- PL-E-XIGI\ASS VIEWING PORT ' 
•^GOIVTSECVOR FOR HOSF 
FROM SAMPLE BARREL 

STIRRING motor' - 
PRESSURE. RELIEF VA.LVE 
IMMERSION HEATER 
MASON JAR . ' 
GATE VALVE / - 

—Apparatus for collection of carbonates y 
from a water sample. ^ 

. . y 



4^3 DritjnSy ^to^^l5-gaj artd^5-gal capa- 
city iwith 1- and 2-inch bungs, ^ : 

^ L4 Liquid scinttllation dbunter:^ t * 
AW^]iR^ndi{iating , pH 2.0-5.0 ; 

r^|.-^ ^ ...^•> - 

L ^4 6 Precipitator for barium carbonate 

4.7^^^acitum line for storage ofa^tylene 
>^^nd cojiyersfon to^l)enzene (fig. 3).> I 

4*^ Valves ^or tr^nsfei? of wafei; sampfe 
^ f{pm drums^ji/^precipitatpr. ' ^ 

5. Reagents 4 - / . ' 

5.1 Asoarite (trade nanle of Arthur H. 
Thomas Co. ^for sodium ftydiH)xide-injprejg- 

^ated asb^kr^T^ - ' ^ ^.^ ^ * 

5.2 Bcbrmm chloiide-jantnanum chloride,^- 
sokitwm Dissolve 290 g.BaCl2:2H20 and- 10'^ 
/g LaCl;i in '^distilled wat^r and dilute to. 1 
/Hter.. ^ ^ ^- ^: ^ ' /• < 

^5.3 ' Benzen^y spectroscopic «ra(l$^-£re^ of ^ 
carbon-14 activity.' • , * * 

5.4 Catalyst, vanadium-doped ^UCh, or 
Mobil Oil Co. Durabead. 

5.5 Dry ice. . . 

5.6 Isopropanol, technical grade. 

5.7 '. Liquid i^rogen-: * ^ 

5.8 Lithium metaly shot, packed, and 
stored under argon, , 

5.9 Nitrogen gas. Must be free of CO^ . 
or scrubbed to remove CO2. 

5.10 Qxalic acid. National Bureau of° 
Standards Contemporary standard. ' 

5.11 Phosphoric acidy concentrated (85 
percent) . ^ ' 

5.*12 Phosphorus- pentoxidey graniAsir. . 
^.13 Scintillator solution: 10 g 2,5-di- 
phenyloxazole (PPOr,V6.25 g l,4-bis-2-(4. 
methyl-5-phenyloxaz©lyr) -benzene (dimethyl 
POPOP). Dissolve i^ 250 ml analytical- 
grade toluene. ^ * * / . 

5.14 Sodium hydroxide solutioUy 5 M. 

5.15 Sulfuric acidy 0.0164 N. 

5.16 Strontium chloride-lanthanum chlo- 
ride solution: Dissolve 230 g SrCla ^H.O and 
10 gJLaCl, in distilled water and dilute to 1 
liter. . ' 
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A' - CARBONj DIOXIDE EVOLUTION FLASK-- 
B/ C. D. G. H. n. J. K. O ' traps' 
E-1 - E-4' N. - GAS STORAGE CYLlNhDERS 
F - REACTie*^ CHAMBER ' 



L ' CATALYST REACTION TUBE 
M - COLD FINGER FOR BENZENE^ 
P. Q. R - COLD FINGERS, * 
<^-1 - G-7 - VACUUM GAUGES. 



.Figure 3.-^Vacuum line for prepkj^tton of ac^ene and conversion to benzene. 

-the solution in the 400-ml beaker. Again, 
test' the pH. If the pH is i>^w->bop 4.5, it 
is satisfactory to use two 15-gal drums of 
water sample. If the pH is still less than 4.^ 
repeat the/addition of 50-ml sample aliquots 
to the 400-ml beaker until a pH of 4.5 is 
obtained. Collect one i5-gal drum for each 
50-ml portion of sample required for neu- 
tralization of the acid td^U 4.5. Six 15-gal 
or two 55-gal drums is the maximum volume 
collected.' ) . 

6.2 Collection o/ sample. 
' 6.2.1 Fill each 15-gal druih by inserting 
a hose to the bottom of thiB drum and fill 
unlil two or more drum volumes have over- 
flowed. Remove hose, insert plugs in bun^s 
and tighten securely, taking care to minimize 
trapped ain* Ship to the laboratory taking 
care to prevent freezing iri cold weather. 



6. Procedure 

6.1 Determine the volume of water sample 
required to contain 5 g carbon as Carbonate 
or bicarbonate. Alkalinity cohtributed by 
silicate^ borate, phosphate, and other basic 
constituents is included in the following esti- 
mation o*f carbonate' alkalinity. Therefore, 
the method underestimates the volume .re- 
quit-ed if noncarbonate alkalinity is also 
present. 

6.1.1 To 50-ml water example in 400-ml 
beaker add 30 ml O.oWn sulfuric acid. Test 
the pH, using narrow-range indicating paper 
or a plj^meter. If the pH is^above 4.5, suffi- 
cient carbon is contained in l^^gal (55 liters) 
of the water ss^mple. jj 

6.1.2 If the_pH is less than 4.5, add a 
sec|>nd 50-mi portion *of water sample to 
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6.3 Collect dissolved carBon^t^ speaies by *"\ 
ptecij)ifatioii^as JbarhinTcarbonate using the • 
precipitation apparatus shown in figured. 



•4 



6.3.1 Attach >a -2-liter M*ason jar to the 
bottom of^the precipitation ^one. Run a hose 
ftom the l5«^al drumjioBtaining jtjie sample 
to the pr^ipitatorr\SealJ the top plate^ud 
s^^p .out the 'lift it with nftftgfen gas' to.r5- ~ ' 
move atmbapheric cai:bon dioxide. 'Apply 
pressurized ilitrogen to the'l5-gal dnSfn to. 
fierce ^the ' water -sample over into tl\e gror 
ci^itator. • • ^ \ \ 

6.3^2 Precipitate barium sulfa'te Vnd - 
Carbonate by Jje^ting the' sample wl|h Ih^ 
immersion 'heater while stirring anoadding 
2 liters of bari^ttv chlorid^ solution.' If sul- 
'fate in. the wateiv^sa^pje^'e^eeds approxi- 
mate 2t)p m^^l ( previously 4et^rmtned ' i A * 
the fiel^ 6r laboi:atQry) , strontii^ffn chloride 
is used^as pr^ipitant. Add 5' M so^mm 
hydroxide sbwly until pH of 10.4. is^ reached • 
to convert bicarbonate to carbonate. Stir for* 
1 hr wHile holding the temperature at ap- 
proxfmitely 40°C. 

6.3.3, Open the bottom^valve nnd permit 
-the barium sulfate-carbonate precipitate ^to 
flow into the Mason jar. Rotate stirring rod 
briefly by flipping control switch after 1 hr. 
Repeat cycle each one-half hour for next 2'/^ 
hr, Major portion of precipitate should now 
be in the Mason jar. Close bottom vialve, un- 
screw' Mason jar, cap immediately, and seal,* 
exposed cap edges with vinyl or rubber tape. 

6.4 Synthesis of benzene. The vacuum line 
for evolution of carbon dioxide and its Con- 
version to benzene is shown schematically 
in figure 3. ^ . . 

6.4.1 Evolution of carbon dioxide from 
barium carbonate. ^ ^ ^ 

6.4.1.1 Decant most of the supernate 
from the barium sulfate-barium carbonate 
precipitate. Slurry thp-cemaining precipitate 
and solution and transfer to a 4-liter heavy- 
walled^Pyrex flask (A). Put. a, magnetic 
stirrer bar in the flask, cap with a two-hole 
stopper containing a separatory funnel, and 
place ori^thV^acucKn line. The vacflium line 
has been previously evacuated. Fill the 
separatory funnel with 125 nil of 85 percent 
phosphoric* acid.' 



6.4.1.,2-^vacuatejth^-14ter flask fcare- 
^ully until bubbles foatn in the slurry. Con-' * 
tinu^ evacuation for 2 min. • ^ 

6.4.1.3 Carefully run the pho'sphoriifc , 
acid from the;, separator/ funnel into.the 4- 
li^er flask. Carb^ -dioxlfle is^releac^d from 
the 'slurj-y. • AllovC^ the. pressure to •build up 
to approximately * 120 mm >of ^hT^rcury 
(gauge G-1) and, then opeh the stopcock to ; 
tjfaps C and D so ^hat pressure holds cqiij- 
st^nt. 'Tr-aplB is cooled y/ith isopropanpLofty 
. jce. lf& i-iinijtioil is 1^ condense water^raps^ ' 
C and D are cpoled with liquid nitrogen/aw " 
-their function i;^ to condense carbon dk)xi c£^ 
J (5^4.1.4 Wh&\ the evolution of carbon 
^dio^ct&e" iai:compl©ted as show;n by deQpease 
•of pressure on 'gauke Tj— 1 to ^ constant 
' minirfiUm, carbon dioxide cafi now -be trans-* 
'''ferred--*«Hlie storage ,;Cyli9^rs E-1, E-^^-^ 
' E-3, and E-4. The^uantit^r af^ carbon diox- 
ide is calculated fromthe known volume of 
each cylinder (jsftghtly more than 6 liters) ^ 
and "the pressd^Ton gauge G-3. Remove -the 
liquid-nitrogen Dewar from trap 0^ Replace"- 
the liquid-nitrogen Dewar at trap 'D with, 
an isopropanol-dry ice Dewar. Carbon dir 
oxide flows into cylinder ^E<1 and when 
atmospheric pressure -i^^^eaclij^, cylinder, 
E-2 is opened and fiU^ The ren^aining two 
cylinders are succ^i^ively filled in the same' 
way. ^ ^ 

"&-.4.1.5 Calculate the number of moles 
xof carbon dioxide collected using volume of 
'/g^ch storage cylinder, gauge pressure,, and . 
ambient temperature. Determine the gr^s 
of'lithium rjietal tp be used in the^ following 
carbide conversion step by multiplying the 
number of nioles by 60. 

6. 4.1. d Weigh out* the required lith- 
ium shot> anoNplace in. the steel reaction 
chamber F. Evacuate the line and the cham- 
ber, start the flow of cooling water through 1 
the reaction chaniber, and turn on the heater. 

6.4.2 Reduction of carbon dioxide to 
iithiumi carbide carbide. 

6.4.2.1 When lithium ^is a dull-red 
heat (as obserypd through the viewing port) 
admit carbon dioxide from the storage tanks ' 
into the reaction chamber F. Pressure drops 
sharply as the reaction proceeds (G-4). Con- 
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tinue h6ating untii pressure drpps to mm- 
imum. Continue heating for 1 hr. Xprn off ' 
heat and allow to cool. ' , / 

6.4.2.2 The lithium carbi(ie ^contain- 
' ing carb6n-14 is treated with wat;^r to' form 

acetylene. Unreacted lithium reacts with 
water to produce^hydrogen. Carefully intro- 
duce v^ater f^^^^the di^illed-watier resei^ 
voir. The pressure riS^ss because of produc- 
tion of acetylene and hydrogen. The ace- 

-tjrlene condenses in traps I^and K which are 

•cooled with liquid nitrogen. Acetylene is- 
purified befare condensation by passage 
through traps G, H, and I. Traps G and H are 
cooled with isopropanol-dry ice and trap I 
contains ascarite ah'd phosphorous pentoxide. 
One to 1.5 liter of water is required for com-, 
plet'e reaction. When the pressure nears at- 

^mospherici, open tKe-.fhamber to the vacuum 
pump -to remove hydrogen as fast ^s it js^ 
produced.. Continue pumping *aft€^r comple- 
tion o| the reaction, (bubbling ceages) until' 
pressure falls to full v^acuum. 
^ 6.4.3 ^Formation of benzene from acety- 
leniej ' . • 

^,4.3.1 The ^reaction tube L contains 
apprpximat^tly 150 g of catalyst. Remove the 
liquid nitrogen. Dewars from traps J and/t. 
and replace with isopropanol-dry ice coolant 
around K only. Place a liquid . nitrogen 
Dewar around the* cold finger M. Acetylene 
now sublimes from J and K and condenses 
in M. ' 

' 6.4.3.2 Conversion- of acetylene * into 
bertzene via the aluminum oxide catalyst 
averages about 97 percent with a good Ibatch 
of^catalyst. Occasionally an inferior batch is 
&ncountere*d, arid conversion is much lower. 
There is no. way to predict whether a new 
shipment of catalyst will give high or low 

^conversion. The percentage of conversion for 
an individual run is determined by diverting 
the acetylene into storage cylinder N befor^v^^ 
it is frozen intq cold finger M. The pressure 
reading showp'on gauge G-6 and the kno^n 

* volume of N enables calculation of the moles 
of .acetylene. 

6.4.3.3 When acetylene is completely 
' condensed in M transfer it to' the catalytic 

reaction ^ube by. replacing the liqui^ nitro- 

♦ 
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gen Dewar wiitlrSMpropanol-dry ice. Com- 
plete reactiog) is- indicated by ^constant 

^ minimum pn&ssure on gauge 0^:6; Complete 
reaction reqtiirjes 2-3 hr. A second tube of 
catalyst may be required to achieve complete 
reaction. ' 

6.5 Preparation for counting. 
" 6.5.1 Transfer the catalyst tube contain- 
ing benzene to a vacuum-distillation appa- 
ratus. Immferse the receiving tube in iso- 
prop^nql-dry ice,, and after . the system is 
evacuated, heat the catalyst tube. When con- 
densation Df benzene in the receiving tube 

"is complete, remove ^nd 'weigh to determine 
benzene recovery. f - . 

6.5.2 Transfer 3.0 ml benzene toja scin- 
tillation-counting container, idd 1.0 ml scin- 
tillator,, and count junder optimum* conditions 
for -carbon-14. Count eaich sample several 
times to accumulate at lea^t 400 mih of. 
counting time on each sample. Reject 
early counting run results if instability is 
displayed. > . • 

7. Calculafio|is • ■ 

Calculate the apparerip^^ige of the sample 
from the following equation^: * 

r = 3.32T^^ (log A^-log 4ji 

where 

r = apparent age of sample in years, 
= half-life of carbQn-14 in years 
(5,£f68yr), 
Ao = 0.950 times activity (in net counts 
per minute per' gram of carbon) 
of NBS oxalic acid contemporary 
standard. This value is an aver-, 
age of several measurements on 
contemporary standards, and 
A ^activity of j^Ample (in 'net counts 
per minute per gram otcarbon) . 

* 8. Report 

Report apparent age of dissolved carbon- 
14 in sample to nearest 50 yr foi- ages <1,000 
and to nearest 100 yr for ages > 1,000. 

9. Precision 

Precision as calculated from /the counting 
variance^ for the saimple, background, and 
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the standard coimts give an optimistic esti- 
mation since possible errors involved in the 
precipitation of the carbon and i£s conversion 
t# benzene are not included. According to 
Stuiver (1972), the precision of a carbon-14 
date should be ± 100 yr in the ip;000-yr range 
and ±800 yr in the 30,000-yr rangej 
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Cesium-137 and c^ium-134, dissolve^ 
Inorganic ion-exchange method— gamma counting 

(R-mb-76) 



Parameters and codes: Cesium-1 37, dissolved (pCi/l): none assigned 
Cesium-1 34, dissolved (pCi/l): 28410 
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Application 

The combination of a reasonably specific 
ion^change separation of cesium isotopes 
with the enefe^ discrimination available 
through gamma spectrometry provides a 
very •specific method with potentially wide 
applicability. Boni (1966) applied the related 
.KCFC te<jhnique to. th^determination of 
cesium-lST in milk,Wrine, seawater and 
freshwater. Petrow and Le^yine (1967) ap- 
plied an ammonium hexacyanocobalt ferrate 
(NCFC)' method to the determination of 
cesium-137 in precipitation. 

2, Summary of method . 

..The method is a development of Janzer, 
based on the work of Petrow and Levine 
(1967), who used NCFC ^f or the concentra-- 
tion of cesium, isotopes from water. Tl^e ami- 
monium compound is superior to the potassi- 
^um compound (KCFC) used by Prout, Rus- 
sell, and. Grbh, (1965) because of elimination 
of background froni;potassium-40. 

The gamma-counting technique begins 
yf/ith collection of radiocesium from relatively 
large volumes of water (Up to 20 liters) by 
passing the sample through a column of in-: 
organic ion-exchanger (NCFC). Several 
standards are prepared by passing a meas- 
ured amount of stJndardized cesium-137 so- 
lution in water through columns prepared in 
the^same manner as those used for the un- 
knowns. The columns are dried and then 
counted using a well-type sodium iodide gam- 



ma detector and an automatic sample chang- 
er and single channel gamma spectrometer. 
The signal to noise ratio is optimized by 
adjusting the spectrometer window to the 
cesium-137 or cesium-134 energy peaks^ 

\ Blanks consisting of test tuh^ ^Sr^* 
changer are counted with the comjlij^tor 
standards and samples for a minimum of 
three' 50-min counts. The cesium concentra- 
tion is calculated on the basis of the net 
gamma counts observed in the standards and 
samples. 

.3. InterfereneO" 

RutheniumV^irconium-niobium, cobalt, and 
zinc were reported 1o be sorbed by KCFC 
from neutral iaqueous solutions. Sorption of 
interfering radionuclides was reduced to less 
than 0.1 percent from a 10 N HCl and 0.& N 
HF solution (Boni, 1966). Boni also noted 
that interfering radionuclides could be re- 
moved by passing the sample through 50-100 
mesh Bid[7Rad Celex 100 in the calcium form 
before collecting the cesium on the KCFC, 

Ellenburg and McCown (1968) Reported 
iodine- 131 and molybdepum-99 were sorbed 
in the analysis of reactor-fuel solutions using 
a slurry technique with 156 ml 6f .sample and 
50 mg of KCFC sorber. NCFC probably ex- 
hibits isimilar sorption. The degree to which 
extraneous radionuclides collected by NCFC 
may interfere during counting is a function 
of the energy resolution of the detector. 
Iodine-131 might interfere using the Nal de- 
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tector specified, because the^ cesium-137 
' photopeak at 662 keV might not be fully re- 
solved from the iodine-131 photopeak at 636 
keV. Using a Ge(Li) detector, there would 
be no interference because resolution would 
be complete. The combination of decay to 
eliminate- molybdenmn-99 (T,, = 67 h) and 
other .short-hved nuclides and high-resolution 
gamma spectrometry would appear to permit 
specific determination of cesium isotopes. 

4. Apparatus :^ 

4.1 Gamma spectrometer, single-channel 
type. 

4.2 Glass and plastic tubing. 

4.3 Glass wool. 

4.4 Porous polypropylene disks: Cut 
from 1.5 mm thick, 120 micrometer porous 
hydrophilic polypropylene sheeting (Bel Art 
F~1256 or equal). 

4.5 Sample changer, automatic for . 16 
xl50-mm test tubes, coupled to a printout 
system. 

4.6 ^Slotted 16xl50-mm test tubes: A 2- 
to 3-mm vertical slot, 1-mili wide, is cut into 
the bottom of the test tube. Fire-pdishihg 
the tubes after cutting reduces breakage. 

5. Reagents . 

5.1 Amn%onium hexacyanocobalt ferrate, 
(NCFC) ,30-60 mesh prepared after the 
manner described, by Petrow and Levine 
(1967). 

Add 10 ml of 0.5 M sodium ferrocyanide 
solution ^dropwise ( approximately |^5 ml/ 
min) to 240 ml of 0.3 M cobalt niffate-1.0 
M ammonium nitrate solution while stirring 
on a magnetic mixer. Centrifuge slurry in 
250-ml centrifuge tubes, decaijt, and discard 
the supemate. 

Wash slurry with water several times to 
remove excess unreacted salts. Dry slurry in 
tubes by heating overnight in 80°C oven. 
Crush dried salt and sieve to collect 30-60 
mesh fractiop. Retain fines- for incorjporation 
with next batch qf slurry prepared. 

The measured cation exchange capacity 
for 30-60 mesh KCFC was* reported by 
Prout, Russell, and Groh (1965) to range 
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from 0.3 tp 0.5 meq Cs/g KCFC using a cesi- 
um nitrate feed solution varying from 0.001 
to 0.008 M. They calculated a theoretical ex- 
change capacity of about 6 meq/g for KCFC. 

5.2 Cesium-lS? and cesium-lSi standard 
solutions: Obtain from the National Bureau 
of Standards or other commercial suppliers. 
Dilute tp approximately 100 pCi/ml for use. 

6. Procedure 

6.1 Using the slotted 16xl50-mm test- 
tubes, prepare exchange columns by placing 
small plug of glass wool in bottom of tube, 
add 30--60 mesh NCFC to a depth of 1 cm, 
and position a porous polypropylene disk on 
top of the NCFC to keep it in place. Do not 
compress the NCFC granules, or excessive 
flow reduction will result from the slight 
. swelling which occurs when the sorber is 
wetted. Prepare columns as uniformly as 
possible to obtain reproducible counting ge- 
ometry in the well-type detector. 

]b.2 Using^5-mm glass and plastic tubing, 
prepare a series of siphons which will pro- 
vide a 1- to 1.5-meter head. Firmly insert the 
lower end of the siphon into the numbered 
test tube exchanger using a size 0, one-hole 
^ Rubber stopper,and. place the upper end of the 
'siphon in the water sample. Maximum sam- 
ple vplume normally used is 2.0 liters. 

6.3 Apply suction to the slot of the test 
tube to start flow. Flow rates of 1-5 ml/min 
are normal. More rapid flow rates can be ob- 
tained by using coarser NCFC or increasing 
the siphon, head, b^t^cointact time would be 
reduced acc6rdingly. Some'' color may be 
leached out of the NCFC during the first few 
milliliters of flow, but this apparently has no 

•effect on the cesium collection. 

6.4 When all the solution has passed 
through the column, disconnect the siphon, 
wipe the tubes dry, arid place in an 80 ''C oven' 
to dry. 

6.5 Prepare several comparator standards 
by passing a measured amount of cesium-137 
standardized solution (20-100 pCi) through 
additional exchanger tubes. 

6.6 /Adjust the gamma spectrometer to 
obtain optimum counting in the cesium-137 
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energy region (662 keV) or the ce^i"^'''^^4 
energy region (605 keV, 796 keV) . 

6.7 Count reagent blanks, stand^^*^^' 
samples for a minimum of three 
counting periods each. 

7. Colculatiens | 

7.1 Efficiency factors for cesium-l^'^ (^oi 
and ceaium-134 {Ej,) are calculated ^.^^ 
following equations. The efficiency factor 
eludes counting efficiency and chirfijSS 2^{] 
covery. Use of standard equation 2 to" correct 1 
for cesium-137 decay is not often requi^^^* 



E,^ 



dn(e-V.) ' 

fit 

where 

Cn = average count rate of gt^nd^r() 
(cpm) corrected for bacK^^^^"^ 
and blank, 

d« ~ disintegration rate of gt^nd^r() 
(dpm), 

Aa= decay constant of cesiuji-ls'/ 

(0.02295 yr-^, 
Aft = decajr constant of cesium- 134 

(0.0280 months-'), and 
tn = elaps^ time between certific^^^^'^^ 
thee standard, ahd the co^'^t, ii\ 
same units as the respective ^• 
7.2 Calculatrc^n of cesium-137 and ceaiuKi< 
134 concentrations f Use equation 1 wl*^^^ 



is set equal ^ Ea oT £^6.,Decay correctioih for 
cesium-137 is usually not required. 

^. /I ' 1000c ^ 

pCi/Ufcesiuin-137- gy£;,(e;V) ' 

n/l ^ .0^ lOOOc 

pCi/lofcesium^l34-^^^^^^^^^^. 

8. Report 

peport Concentrations to one significant 
fioijrj CQHcentrations between 0 and 10 
vp^i/1mh% ly/q significant figures for high- 
er concent^ai^ions. ^ 

9. precision 

pfecisio^i Qf the method is estimated to be 
approximately ±20 percent. 

References 

Boni» J"' 1966, Rapid ion-^xcliangre analjrsis of 
radiocesi\jjjj milk, urine, sea-ivater and en- 
. vironmentat samples: Ana]. Chemistry, v. 38, 
no. 1, p. 89-92. ' ^ 

Elleoburg, j., and McCown,, J. J., 1968, Rapid . 
carrier-fV^ method for the radiochemical deter- 
mination cesium-137: Anal. Letters, v. 1, no. 
11, p. 697_Y06. 

Petro>v» Q., And Levine, H., 1967, Ammonium 
jiexacyan^^jjljalt ferrate as an improved inor- 
ganic exQjj^jigfe material for deberrtuhation ,of 
cesium-lav- Anal. Chemistry, v. 39, no. 3, p. 
360-362. : ^ 

Prout, W. E.^ iiussell, E. R., and Groh, H. J., 1965, 
Ion exch^jjge absorptioii of cesium by potas- 
sium hex^jranocobalt (H) feyrate (II) : Jour, 
of Irt(^& Chem., v. 27^ p. |73-479, 
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^ Radiocesium, dissolved, as cesium^l^? 
Inorganic ion-exchange Viethod— beta counting 



Parameter. and code: Radiocesium, dissolved, as cesium-137 (pCi^:^ 

none assigned 



1, Application . 

Application is possible when identification 
of individual cesium isotopes is not required 
and when interfering beta-emitting isotopes 
are in low concentration. Concentration 
limits for interfering isotopes have not been 
fully evaluated but would appear to be lower 
than for the gamma-spectrometry technique 
for 'Cesium-IST and cesium-134, dissolved 
(inorganic ion-exchange method — gamma 
counting, R-1110-76). Until interferences 
are quantitatively evaluated, examination of 
each sample for possible interference is ad- 
vised. Applications to samples where radio- 
cesium is the principal source of radioactiv- 
ity would appear to be safe. 

2. Summary of method 

In .the beta-counting technique (Janzer, 
1973) thd same ion-exchanger^ (NCFC) ^ iff 
used to collect the cesium-137 and cesium- 
134 isotopes .as in the gamma technique, 
but a siVnpler batch operation is made pos- 
sible by the smaller volume of * water used. 
One hundred milligrams of the ion-exchanger 
are stirred with the buffered water sample 
and then* separated by fijtration through a 
paper or membrane filter. This forms a uni- 
form low-density disk deposit that is opti- 
mum for beta counting. Standards are pre- 
pared using the same technique. The sample 
and standard disks are counted in a low- 
badkground beta counter with anticoinci- 
dence shielding. 



The method determines total dissolved 
radiocesium concentration because individual 
isotopes are not identified by this beta count- 
ing. ^ 

*• ' ■ ^ ' > . 

.3. Interferences 

^No interferences have been found, 

4. Apparatus 

4.1 Low-background counter, an anti- 
coincidence-type counter with 2-in. thin win- 
dow flowing gas proportional detector pref- 
erably caparble of measuring both alpha and 
beta activity simultaneously. (The Beckman 
Wide Beta or Low Beta counters or equiva- 
lent, with pulse height discriminating cir- 
cuitry, are satisfactory.) . - 

4.2 Filter, nitrocellulose membrane filters, 
0.45-micrometer pore size, 47-mm dian\eter, 
A suitable filter holder assembly to facilitate 
vacuum filtration using the 47-mm filters is 
required. The perforated backup plate under 
the filter disk must be plastic rather than 
glass because of the hydrofluoric acid solu- 
tion used, Millipore Sterifil XX-04'7-10^ or ■ 
equivalent is satfsfactory. 

4.3 ^Teflon, polyethylene, polypropylene, or 
other acid resistant bearers, 600-ml volume. 

5. Reagents 

5.1 Ammonium hexacyanocobalt ferrate 
(NCFC) : Prepare as described by Petrow 
and Levine (1967), and sieve to collect the 
30-60 mesh fraction. <> . 
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5.2 Ce^wm-i^7 Standard solution. Obta\p 
^^Pm NBS or use commercial standards, ap- 
proximately 100 pCi/ml. 

l^roc«dur« 

/ 6>J:^ Place a 50P-ml water sample in a plas- 
be^er. 

6.2 Acidify with .concentrated hydro- 
chloric acid to 1 ^ and with hydrofluoric 
^cid ^0 0.5 N. For a 500-ml sample, this re- 
quires 45 ml of concentrated hydrochloric 
^nd 10 ml of concentrated hydrofluoric acid. 

6.3 Add 100 mg (±1 mg) of 30-60 mesh 
NCj^c, and stir for 10 min. After allowing 

NCFC to settle, Recant the supernatant 
^^luti'on and filter it through a 0.45-microm- 
®*^®r membrane filter (47-mm^4iameter) in 
^ Vacuum-filtrati9i» assembly. Vith the last 
portion of liquid rerfiaijiing in the beaker, 
transfer the NCF-C to the filter taking care 
*o obtain even distribution. Return the fil- 
trate to the plastic beaker. Filter through 
the original filter disk a second time, and 
^^antitatively transfer anyjremaining NCFC 
to the filter disk with s|nall amounts of dis- 
tilled water. Rinse down the funnel sides, 
^^d . cHirefully wash the filter and retaijied 
^Cpc several times so that the filter pad is 
^ot disturbed and a oiriiform deposit is main- ' 
tained. ' 

6.4 Mount the filter disk in a ring holder, 
and dry under an infrared lamp. GoverJ:he' 
^ material with a small sheet of -{jfaatic 
^^^p (kitchen-type) . 

6.5 Count in the anticoincidence beta 
^^unter. Three 50-min counts for each sample 

usually adequate. - <^ ' ^ 

6,g Prepare standards- in triplicate. Add 
^•Q ml of 100 pCi/ml standard cesimn-137 
' ^lution to 500 ml of distilled water, and car- 
^ out the analytical procedure exactly' as 
^th a sample. The standards prepared in 
ithis Q^re also covered with plastic film 
^^d nmy be retained for semipermanent use. 



If different sample sizes are used, corres- 
ponding standards should be prepared. 

6.7 Prm)are blanks by running the deter- 
: mlnation ot 500 ml of distilled water. 

6.8 Couin^he blanks and standards in the 
same way as tHe samples. 

7. Calculatic^nk 

7.1 The cesium-137 efficiency factor (E) 
includes chemical recovery and cpunting- 
efficiency corrections and is determined by 
equation 2 simplified by, treating standards 
and ^samples the &ame so that Ao factor / is 
calculated. The following equation is then 



used: 



\ 



7.2 Calculation of cesium-137 concentra- 
tion: Use general equation 1 simplified by 
eliminating the / term. Decay correction is 
seldom required. 

1000c 

pCi/lofcesium-137=^^^^^. 

8. Report 

Report .cesium-137 activity to one signifi- 
cant figiare below 10 pCi/1 and to two signifi- 
cant figures above 10 pCi/1. The minimum 
concentration reported, is that whicK repre- 
sents two"^tandard deviations above back- 
ground. This is approximately 1 pCi/1 with a 
500-ml sample an^ a Beckman Low Beta 
counter or equivalent. 

9. Precision 

On the basis of limited data the analysis 
appears to be reproducible to ± 1,0 percent at 
concentrations above 10 pCi/1 with inferior 
reproducibility "£t lower concentrations. 

Reference 

Janzer, V. J., 1973, A rapid tnethod for the de- 
termination of radioactive cesium isotopes in 
water: U.S. Geol. Survey Jour. Research, v. 1, 
p. 113-115. 



Gross, alpha c^d beta radioactivity, dissolved and 

* suspended 
Residue method (R-1 120-76) 

Porameters^ and codes: Gross alpha, dissolved as U natural {jig/l): 80030 
Gross olpha, suspended, as U natural (/xg/l): 80040 
Gross alpha, suspended, specific activity as U natural (/xg/g): 01518 
Gross. beta, dissolved, as jCfsium-137 (pCi/l): 03515 
Gross beto, dissolved, as strontilim-90/yttrium-90 (pCi/l): 80050 \ 
Gross beto, suspended, as cesium-137 (pCi/l): 03516 
Gross beta, suspended, as strontium-90/yttrium-90 (pCi/l): 80060 
Gross beta, ^spended, specific activity as cesium-137 (pCi/g): 03518 



1. Application 

The method is applicable to any natural- 
water sample. Because of restrictic^ns on the 
weight of residue which can be accommo- 
dated, the sensitivity falls ofif with increasing 
concentrations of dissolved solids. 

2. Summary of method 

The method is an jfxtension of the proce- 
dure published by Barker^ and Robinson 
(1963) for gross beta radioactivity. 

A representative aliquot, btil not more 
than 1 liter X)f the', sample including sus- 
pended solids, is filtered through a tared 
0.45-micrometer membrane filter. Tl^e filtef 
and retained solids are dried at room tem- 
perature and then at 105°C, cooled, and re- 
weighed to determine the< weight of nonfiltra- 
ble i^idue per liter, 

A filtered volume of the sample containing 
no more than 150 mg of dissolved ^olids is 
evaporated to dryness in a Teflon evaporat- 
ing diah. The residue is transferred to ^ 
•tared, 2-in. concentric-ring, stainless-steel 
planchet, dried in a desiccator, weighed, and 
cpunted on a low-background alpha-beta 
counter. *The observed radioactivity is com- 
pared with the activity of. natural uranium 




and strontium-90/3rttrium-90 and cesium-137 
calibration standards, and results are re- 
ported relative to these reference isotopes. 
Thus, the measured s^ple activity is re- 
ported >^in terms of the amount of natural 
uranium and equilibrium strontium-90/yttri- 
um-90 and cesium-137 activity which would 
give the same alpha and beta count rates 
respectively for the same weight of residue. 
The gross activities are reported in terms of 
equivalent quantities of reference standards 
of the true alpha and beta activities of .the 
sample. v. 
The accuracy of these approximations de- 
..jjpnds on a number of variables related to the 
energy distributions of the alpha* and^ beta 
particles and the similarity, of the residua 
used in preparation of the^libration curvA 
to the actual sample residue, the method 
must be regarded as a rapid, semiquantita- 
tive measure of gross sample activity. 

3. Interferences 

^ Within its intended purpose, the method is 
free of interferences, although the accuracy 
varies considerably with the nature of the 
alpha and Hbeta emitters, chemical composi- 
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, tion of the sample, and uniformity of plan- 
chet preparation. 

4. Apporatus f 

'4.1 EvapojM[ing dishes, Teflon, 100 ml. 

4.2 Hotplme or steam table. . 

4.3 Infrared drying lamps. 

4.4 Low-background counting > equipment. 
Proportional counters capable of measuring 
both alpha and beta activity are desirable 
(for example, Beckman Instrument *Cb. 
Wide-Beta or Low-Beta II, or eciuivalent). \ i^t 

4.5 Membrane filters, 47-mm tdiameter,^ 
0.45-micrometer pore size, cellulose nitrate 
or acetate type. r- 

4.6 PlancJI^ets, stainless steel,C2-in. diame- 
ter, concentric-rin^ type? 

4.7 Specific conductance meter. 

4.8 vacuum desiccator. 

4.9 Vacuum-filtration apparatus, for 47- 
mm membrane filters. 

5. Rdf gents ,^ 

5.1 CalibraticM solution A: Dissolve 0.28^ 
g >IgSOr7H20, 0^070 g NaCl, 0.026 g 
CaSO»-2H.O, 0.109 g NaHCO,, and ^.245 
g CaCOa in distilled water, bubbling CO. gas 
through the solution if necessary to obtain 
clear solution. Dilute to 2.00 liters. 

5.2 Calibration solutioyi B : Dissolve 1.350 
g MgSOr7H20, 3.510 g NaCl, 1.550 g 
CaSO i • 2H,0, 0.^08 g MgC5l. • 6H2O, and 0.300 
^ CaCOa in distilled water, using CP2 bub- 
bling as necessary 1^ dissolve. Dilute to 2.00 
liters. \- 

Note: Composition of the calibratiW solu- 
tions shouli^ approximate that of the satrmles 
to be analyzed.. Solutions A and B were ke-^ 
^jglected to approximate the composition aver- 
age of 12 major rivers in the United State^.^ 

5.3 CesiumAS? standard solution, ap- 
proximately 500 pCi/ml and acidified to 
approximately 1 A/' .with hydrochloric acid. 

5.4 Hydrofluoric acid, 49. percent. 

5.5 Strontium-90/yttrium-90 standard so- 
lution, approximately 500 pCi/ml combined 
activity and acidified to approximately 1 N 
with hydrochloric acid. 



5.6 lyraniurn standard solution, 1.00 ml 
100 Zg U : Dissolve 0.1773 g of UO2 
(C2H3Qij)2'2H20 in approximately 500 ml 
distilled water. Add 15 ^ concentrated 
HNOa'and dilute to 1,000 ml in a volunietric 
fla^k. Store in a Teflba bottle. 

6. Procedure ^ 

6.1 Preparation of beta calibratioi^ curve. 
6.1.1 Add the following amounts or cali- 
,i' bration solutions A and B to 100-ml T^pflon 
evaporating dishes: 



Dxak 
No. 


A 
(ml) 


B 
(ml) 


Approx, 
residue 
wt. 
(mo) 


V 

1 


25 




10 


2 




5 


20 




80 




30 






10 


40 




i 140 


50 






20 


60 




200 




70 






25 


80 


9 


250 




90 


10 




30 


100 


A * 11 


300 




110 


12 




35 


120 


13 


350 




130 


14 




40 


140 


- 15 


400 




150 



To each dish and to four additional 100-ml 
Teflon evaporating dishes (Nos. 16, 17, 18, 
and 19) add 1.00 ml of strontium-90/yttri- 
um-90 standard solution. To djishes 18 and 19 
aliso add 5 drops concentrated NH4OH. 

6.1.2 Evapor^jall the solutions to dry- 
ness on a low-tempj^ratutfi hotplate, "^hen 
dished 18 and 19 are dry, raise heat to ap- 
proximately 350°C to volatilize NH4CI. 

6.1.3 Perform steps 6.6 through 6.11 of 
the procedure which follows. / *J 

6.X.4 Plot the beta efficie|icy/<[net co.iints^ 
per minute per picocurie) against the residue 
weight to obtain the beta calibration cutve. 

6.1.5 Pr»are a beta calibration curve 
for cesium-m following steps 6.1.1 through 

_ , ^ ml of cesium-137 standard. ' 

6.2 Preparaion of alpha calibration curve : 
The alpha calibration curve is .obtained in . 
exactly the same manner as the beta curve 
(step 6.1) except that 100 fig of uranium (1 
ml of uranium standard solution) is substi- 
tuted for the strontium-90/yttrium-96 beta 
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^solids for the equivalent strontiuih-io/yttri- 
um-aO or cesiuni-137 may also be calculated. 



standard. It is important that the uranium 
standard be in secular equilibrium wit^ re- 
spect to uranium-234. The urai^um isotopes 
ratio, may be deterrifined by the . method de^ 
scribed elsewhei^e in this manual. 

6.3 Sample aiialysis : Measure t-he specific 
conductance of each watet* ^mple. Multiply 
the specific conductance in /imhos/cm at 25^C 
by 0.65 to obtain an approximate value for 
the dissolved-soMds concehtralaon of the sam- 
ple in mg/1. Detenriine. the volume of sample 
which will contain approximately 100 mg of 
dissolved solids : 



Sample volume, 7(1) = 



100 mg 



mg/l ' ^ 

The actual sample residue should weigh 
between 50 and 130 mg. 

6.4 Gross radioactivity of the suspended 
solids is determined as follows: Vigorously 
agitate the sample' bottle containing th^bi^tolal 
amount of sample collected arid quickly *pou^ ' ^^^^ 
off 1 liter of sample with suspended solidsi^^^ 
into a graduated cylinder. Allow sediment to 

. settle and thpri, using, suction, filter through , 
a tared membrane filter. When only 100 ml'of 
sample remains to be filtered, swirl to sus- 
pend solids and add suspension to filtef fi>n^ 

,nel. Any remaining traces of sediment may 
be -trarisf erred using spall amoui^ts of dis- _ 
tilled water. ' ^ 

6.5 Carefully, rinse solids with a small 
amount of distilled water, and maintain as 
Uniform a deposit as possible. Remove filter, 
allow to air-dry, and weigh. If the weight of 
solids is ix\ excess of 150 mg, refilter a fresh 
aliquot of appropi^te volume to obtain less" 
than 150 mg; weigh, dry ^t 105°C, and count 
for alpha and beta radioactivity. 
' Although not totally coniparable, the same 
absorption, or counting efficiency factors for 
the respective counting instruments are used 
as for dissqlved solids, and the calculations 
are made in the same way. The weight of sus- 
pended solids per liter of sample is also re- 
ported (USGS .parameter code 00530) and 
may" be used to calculate Jthe radioactivity as- 
sociated with the total weight of suspend^ 
solids per liter of original sample. Specific 
activity of the solids in pCi/g of suspended 



6^ Gross radioactivity of the dissolved 
solids is determined as foHovfc : Using a tared 
Teflon dish, evaporate the required volume of 
water to dryness on a hotplate (Mfiteam bath. 
Remove Teflon dishes froraTifol^ate as soon 
as they , reach drjoiess to prevent warping of 
dishes due to excess heat. • 

6.7 Deterlnine approximate weight of 
residue by weighing dish plus residu^ and 
subtracting tare w^fftriit. If the W^ht of 
residue falls outside thefeO- to 130-rrig range, 
start a new evaporation using a larger or 
smaller sample volume as i*equired. 

6.8 Quantitatively transfer the residues 
m the evaporating dishes to tare'd planchets 
using rubber policemen and a^ minimum 
amount of djstillefl water to effect the trans- 
fers. Confine the solution and residue to the 
three inner concentric rings of the planchet 

ing the transfer. 

6.9 Dry the planchets under infrared heat 
lamps.' Police down the evaporating dishes 
with small additii^i^il amounts of distille^ 
water and transfer to planchets. \^ 

6.10 Repeat step 6.6. If* a residue-rfemains 
in the evaporating dislv after three washes 
with distilled water, add a s^^all amount of 
hydrofluoric acid, and use for a final policing* 

6.11 Disperse the final liquid slurry in the 
planchets as uniformly as possible, using a 
stirring rod to disrupt large aggregates. 
Again evaporate to dryness. , ^ 

12 Place the planchets in vacuum 
d^irfcator and.evacuate to complete the gry- 
ng;Weigh the plkrichets an J determine the 
eigHt of residue.^ 

6.13 Count the planchets in a low-back- 
ground alpha-beta counter. Obtain three 50- 
min counts on eacR sample. " , 



7. Calculations 

Determine tiie equivalent concentration of 
alpha and beta emitters " in eacli planchet ^ 
from the net measured activity and the ap- 
propriate factor from a table of calibration 
curves. * 
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ScprruK 1000 - x ^ i 

Gross a« — ^-^x— -=->ig/l as U natutal, 



\jGr68s p^^Scpmjpx 



8. Raport ^ 

Seport values of less than 1 pCi/1 to one 
si^mificanti figure. Report '^iigher values to 
two signifi^nt figures. 



«pCi/l as Sr«VY*° or as Cs*", 



where 



Scp7mi= alpha count rate of sample in 

counts per minute, 
Scpmj3 = beta co\int rate of sample in 
counts per minute, 
Fa = alpha factor in cpm//ig of natu-- 
ralU, 

F^=^beta factor in 'picocuries per 

count p,er minute, and 
Va = aliquot used in milliliters 



9. Preciflon 

Results fOT a particular sample are usually 
reproducible to about ±20 percent at the 95- 
percent confidence leveb " ^ 



Reference 



Barker, F. B., and Robinson, B. P., 1963, Determina- 
tion of beta activity in water: U,S. GeoU Survey 
Water-Supply Paper 1696- A, .32 pi 
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Lead<210, dissolved - 
icalseparatfon amd precipitation method (R-1 130-76) 

ofeeter oni code: Uod.210, dissolved (pCi/l): none^s^igned 



/l. Application 

The method may be used with all natural 
waters where detection of lead-210 >;^h sen- 
sitivity to XpCi/l is acceptable. Where im- 
proved sensitivity is required, a larger sam- 
ple than the normal 500^ ml is concentrated 
by evaporation before begihning the pro- 
cedure. Rama and Goldberg (196M reported 
they were ahte to achieve Sensitivity to 0.02 
pCi/1 by use of a 20-liter sample and direct 
precipitation of lead chromate from this 
large volume. 

Lead recovery may be low in waters con- 
tainin^ihigfe concentrations of organic ma- 
terial that can possibly complex lead. , 

2. Summary of method 

The analytical method is designed to iso- 
' late lead-210 in a relatively pure lead chro- 
mate precipitate. This ii^allowed to age to 
produce bismuth-210, a be^emitter with 5-d 
half -life. Lead-210 is not counted directly be- 
^ cause of its very soft^beta .radiatipns of 15 
and-61 keV, which are*greatly\i^tenuated fty 
ahsorption.^ The bismuth isotope decays by 
beta emission with a beta maximum energy 
of 1.16 MeV, and these beta particles are 
easily counted. 

3. Interferancet 

Henry and Lovei^dfee (1961) have shown 
that essentially complete i separation from 
radioisotopes of antimony, cesium, cobalt, 
iodine, phosphorous, ruthenium, strontium, 
thallium, zinc, and zirconium is achieved. 
\Radium, thorium, uranium, potassium-40. 




and other natural radionuclides do not inter- 
fere. Lead-212 does Hot interfere because .of 
the short half-life^ (10.6 hr). Stable lead in 
the water sample should cause Ho interfer- 
ence by increased beta absorption since, lead 
concentrations seldom exceed a few tenths of 
a milligram per liter. A gfoblem might be en- 
countered with industrial wastes where I6ad 
concentrations could be much higher. 

The application of the method to liquid 
waste should be checked by "spiking" sam- 
ples with, known lead-2lo and determining 
percentage of recovery. * 

.4. Apparatus 

*4.1 Centrifuge, capable of handling 50-ml 

tubes. \ 

4.2 Centrifuge tubes, pom>ropylene, ap- 
proximately 50-ml capacity, j , 

4.3 Copper disks, 49-mm diameter, hiini- 
mum thicRness 0.1 mm. • 

4.4 Ion-exchange columns, 1-cm inside di- 
ameter, lO-cm- long with 50-ml reservoir at 
topv 

4.5 Low-background counter, an anticoin- 
cidence-type counter with 2-iri- thin window 
flowing gas proportional detector preferably 
capable of measuring /b6th alpha and beta 
activity simultaneously. 

4.6 Magnetic stirrer-hotplate. 

' 4.7 Mef^rane filters, 47-mm , diameter, 
0.45-micrometer pore size. Must be^™ert-^ 
warmv dilute chromic acid. > 
"-^.8 ^Planchets, stainless steel, 5-cm 
diameter. 

4.9 Tape, cellulose, 5-cm wide roll, adhe- 
sive on both sides. 
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4.10 tape, "Magic Tape" ^inn^ota 
Mining and Manufacturing Co.), 8 mg/cm- 
derisity, 5-cm width. 

4.11 Vdcuum-jiltratioh apl)aratus, for 47- 
mm inembrane filters. ; ^ 

'^S. Reagents 

5.1 Acetic acid, 25 percent by volume : Di- 
lute 1 volume glacial acetic acid with 3 vol- 
unties distilled water. 

5.2 Ammonium persidfate, 

5.3 Hydrochloric acid, 8 N and 2 N. 

5.4 Ion-exchange resin, Bio-Rad Agl-X8, 
or equivalent, 50-100 tnesh. 

5.5 Lead carrier sohition, l-ml = 4.00 mg 
Pb+'-: Dissolve 6.394 g anhydrous Pb {^0^)2 
in 100 ml of 1 N HNO, atid dilute to 1,000 ml 
with distilled water. 

5.6 Lead'210 standard solidion. Suitable 
standards are, available, from Amers)*am/ 
Searle .Corp., Arlington Heights, jPTTT Solu- 
tipns raust be kept strongly acidic (about 1 N 
in HND:,) when dilutions arie made. 

b.lANitric acid, 0.01^ M: Dilute 0.1 ml of 
concentrated HNO. to 120 ml. 

5.8 Nitric acid, 0. 001 M: Dilute 20 ml of 
p.0lMHNO3to200ml. 

5.9 Potassium dichromate solution, 4 per- 
cent: Dissolve 40 g reagent-grade K^Cr^O: in 
distilled water and dilute to 1 liter. 

5.10 Sodium acetate solution, 10 percent: 
Dissolve 100 g anhydrous NaC^H.Q, in dis- 
tilled water and dilute to 1,000 ml. 

5.11 Sodium carbonate solution, 1.25 M: 
Dissolve 265 g of anhydrous Na.CO j in, dis- 
tilled water and dil'ute to-2,p^0 ml. ^ 

5.12.' Soktum sulfate , anhj^drous. > 

5.13 Strontium carrier solution, 1 ml = 60 
mg Sr+": Dissolve 145>g^Sr(NO;t)2 in^ dis- . 
tilled water; add 1 ml concentrated HNO;j ' 
and dilute to 1^00 ml. / . 

5.14 5wr/aciani, Dade Aerosol OT, -Scien- 
tific Products Co. 

6. Procedure / 

6.1 Preparation of ion-exchange colunins. 
6.1.1 Slurn^ 4.0 g of i6n-exchange resin 
with 10 ml of B N HCl in a 50 nrti^eaker. 
Cover and placeVin an ultrasonic cleaner for 
1 min and allow stand for at least 20 min 



6.1.2 Plug the end of the column with a 
Small piece of glass wool, and wash with 8 N 
HCl. , :^ ' ' 

6.1.3 Transfer tlie .resin ^ slurjij^ com-, 
pletely to the colunm, allow to drain and ' 
settle. - « " 

6.1.4 Place ^ small glass-wool plug at 
the "fop- of the resin column. Avoid poking 
the resin. Wash with 10 column-volumes each 
of 8 N HCi; distilled water, and filially 2 N 
HCl. The column is now ready for use. The 
resin is discarded a^ter one use. 

B.2 Preparation of lead-210 standard 
%)lanchets: Three or^ more "permanent" 
standards are prepared by precipitating a 
known amount of lead-210 aa lead chi^mate. 

6.2^.1 Add 5 ml of carrier solution 
and an accurately known amouat of 'lead-2^0 
(approximately 200 pCi is convenient) W&O 
ml of^OOl M Aitric acid. Heat to 95°C, sfow- 
ly add 5 ml^fif 4 percent potassium dichro- 
mate' sblution, stir fpr sever^al i^inutes, and 
digest on a h^alate for 20 min with occasion- 
, al agitation. ^ 

6.2.2 Cool to room temperature, filter* 
through a tared 0.45-micrometer membrane 
filter, and wash the ^precipitate with a small 
amount of distilled watef containing a Jew 
drops of. aerosol OT solution. ' 

6.2.3 Allow the membrane and precipi- 
tate to air-dry, then weigh and calculate the 
chemical yields. Mount the standards as de- 
scribed in step 6.16. • /V 

6.2.4) Allow the standard to age until 
the coun/rate-becomes^ constant. This^i^sill re- 
\\x\re 40 d* (8 half-lives of bismuth-2l0)'^or 
less, because' T5 to 100 percent of the bis- 
muth-210 coprecipitates with the lead 
chromate^ . ■ ^ 

6.3 Analysis of the water samples: Meas- 
ure a 500-ml water sample onto an 800-ml 
\ beaker, add a magnetic stirring bar and a 
few drops of methyl orange indicator, and 
place on a magnetic stirrer-hotplate. 

6.4. While stirring, add 0.01 M nitric acid 
dropwise until the indicator turns red. If 
the sample is initially acid to methyl orange, 
bring to color change with ammonia, then 
back to acid side with nitric acid. Add 5 ml 
of lead carrier solution, 4.5 g of anhydrous 
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sodiunl sulfate, and 1^ ammonium* i^sul 
fate. Cover with a watch ^lass, and heali and 
stir at the incipient "Boihng point.f or 1 hr. - 

6.5 Add 5 .ml of sti'gsmum carrier^solution 
jto the sample and conthiue heating, while 

stirripg at ihe'incipi'ent boiling point for 20 
min; retrieve the magnet, remove the beaker 
from the hotplate, and allow Ihp precipitate 
to settle and solution to cool<ialowl:^ to room 
temperature. . ' 

6.6 Decant or syphon off as much of the 
supernatant liquid as possible without dis- 
turbing the precipitate. Wash 'the residue 
into a 50-ml round-bottom Teflon or polypro- 
pylene centrifuge tube usjng a small, volume 
of distilled water. Centrifuge, and discard the 
supernate. ' / 

6.7 Place a Yz'^^ Teflon-coated magnet in 
the centrifuge, tube, add 40 ml of jhot 1.25 M 
sodium' carb6nate solution, and place the tube 
in a boiling-water bath on a magnetic stirrer- 

' hotplate. Stir vigorously for 2(ljnin. 

6.8 Remove the tube from the bath, and 
wash down any precipitate on the upper part 
of the tube using a of 1.25 M Na^COa. 
Centrifuge and decant or syphon off^most of 
the supernate. Syphoning is preferable be- 
cause of the difficulty of decanting without 
disturbing^ the precipitate with the magnetic 
^irrer. ' 

6.9 Repeat steps 6.7 and 6.8 two more 
^times. Remove the stirring bar before the 
final centrif ligation. Discard the final super-- 
natant liquid. ^ ^ ■ ; . 

6.10 Dissolve the lead-stronnura carbon- 
ate precipitate in the centrifuge tube by cau- 
tiously adding 15.0 ml of 2 N HCl followed 
by 1.0 ml of 8 HCl. Mix thoroughly and 
X)our the solution onto the ion-exchange col- 
umn. Be sure the flow rate does not exceed 2 
ml/min. ' 

6.11 Rinse the centrifuge tube with two'2- 
ml portions of 2 N HCl, adding these rinse 
solutions to the column. 

6.12 Wash the column with a volume of 2 
N HCl equal to two column-volumes plus the 
holdup Volume in the column below the resin 
bed.^Elute with 30 ^1 of distilled water, col- 
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lecting the eluate in a 150-nilb^aker. Record 
the date and time of elution. This fraction 
contains lead-210 free of daughter activity. 

^6.13 Add 3 ml of 25 percent (v/v) acetic 
acid and 5 ml of io percent sodium acetate to 
the eluate, and dilute to approximately 75 ml. 
Heat toincipient'boiling and add slowly-6 ml 
of 4 percent potassium dichromate' solution. 
Mix thoroughly by s\Yirling the beaker and 
hold near the- boiling ^int for 20 niin-with 
occasional SAVirling. ^ - " . 

6.14/ Remove th^eaker from the hotplate 
and filter, while warai, through a tared 0.45- 
fnicrometer, 47-mm-diameter membrane fil- 
ter. Rinse with distilled water, containing a 
few drops of Aerosol OT solution, to prevent 
the precipitate from clinging, to the filter 
funnel. 

6.15 Remove the filter membi'ane from 
the filtration apparatus, place oh a clean sur- ' 
face,' and allow to air-dry. Weigh the filter to 
determine chemical recovery. • 

6.16 Place the filter in the center of a 49- 
mm copper disk, the surface of which has 
been covered with a strip of double-faced 
cellulose tape. Cover the filter disk with a 
strip of 5-cm "Magic Tape," trim to the size 
of the copper disk, and place in^ a 5-cm 
planchet. ^ / . 

6.17 Aftep' an 'aging 'period of 7 d (or 
longer), count the ssfmple^ in a low-back-- 
gVound beta counter with a 5-cm detector for 
100 min to attain sensitivity to 2 pCi/1. Ex- 
tended counting improves the detection, ^or 
example, detection to 0.7 pCi/1 is possible 
with a 1,000-min/ount. \ . _ 

)• J* '■ . 

7. Calculations 

7.1 Lead-210 efficiency factor (^) and 
chemical recovery factor (/„) : Although bis- 
muth-210, daughter of lead-.2 10, is actually 
counted, an in-growth factor is nrft used in 
the determination of The standard al- 
lowed to reach equilibrium (40-d standing) 
before counting, and the disintegration rate 
at" this time is controlled'by the lead-210 con- 
centration.* Determine fn from the weight of 
lead chromate. E is determined 'using equa- 
tion 2. ' 
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(2) 

7.2 Caleulatioif of lead-210 concentration : 
An in-growth factor is used in ^calculation of 
concentration in in(^ividual samples because 
the aging time before counting (approxj-^ 
mately 7 d) is insufficient to attain equilibri- • 
um. The in-growth factor for each samplfe is 
obtain^ from a curve of the growth of ac- 
tivity with time (ftg. 4) or,*more accurately, ^ 
by calculation. Chemical recovery factor' is 
determined from, the ratio, of actual weight of 
lead chropswte recovered to the theoretical 
Weightr'^Qr 20-mg lead carrier, the theoreti- 
,cal weight is 31.20 mg of lead chromate. Use 




equation 3| with the ter 
daughter before counting and decay during 
counting , eliminated. Calculate lead-210 con- 
centrations using the equation below, and 
coi*rect for decay if excessive time elapsed 
betv^een the sample collection and analysis. 

'^^ , lOOOT 

pCi/Lof lead-210= f 

^ VEf Ce-^') (1-e^i'O 



where 



c^= net count rate of sample after cor- 
rection for background and blank 
x= decay cons;tant of lead.210 (0.0315 

i= elapsed time between collection of 
. ' sampje and .analysis, 
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Figure 4.— Growth of bismuth-210 from pure lead-210 source. ' . 
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Xi- decay constant of bismuth-210 

. (0.1384 ; . 

ti = elapsed time between elutioA of the 

ion-exchange column (step 6.J^2) 

and counting*, and 
V, and / are as defined in equation 1. 



8. Report 

. Report 
pCi/1 to the nearest pCi/1 



concentrations of^es 
; higlrer 



[ess thai 
conce^ 



tions to two significant figures. 

9. Precision 

Tests with eight water s^'ples to which 
known lead-210 was added ^ve recoveries 



averaging 98 i)ercen't with a mean deviation 
of ±2. percent at concentrations above 15 
pCi/1. At lower concentrationa the precision^ . 
^s ±;2 pCi/1 or ±10 perjcent, whichever is^^p 
larger^ 



\^yk TTiwi References 

Henry; W. M.y and Loveridge, B. A., 1961, Deter- 
mination of lead-210 in HarweU effluent: Atomic 
Enerfi:y R^rch Estab. Kept, Rr-3796/20 p. 

Rari^, M. K., and <3oldberg, E. D., 1961, L«iad-210 in 
natural waters: Science, 134 p. 98-9ff. 




) 




4 




Radium, dissolvetl, as radium-226 
Precipitation method (R-1140-76) 

Parameter and code: Radium, dissolved, as radium-226 (pCi/l): 09510 



1. Application 

The, method is satisfactory for applica- 
tions yiaX do not require high precision or 
radium isotope identification such as routine 
monitoring for compliance with PCRE 
standards. The application is /straightfor- 
ward with waters of average composition, 
but the possibility of increased alpha self- 
absorption must be considered with waters 
of high dissolved-solids or alkaline-earth con- 
tent. The internal standard technique as used 
when necessary. 

2. Summary of method 

Radium isotopes are concentrated from a 
water sample by coprecipitation as the sul- 
fate with barium sulfate. The collection of 
radium is quantitative even though the solu- 
bility product of radium sulfate is not ex- 
ceeded. Although the coprecipitation collects 
all radjum isotopes, radium-226 is usually the 
predominant isotope. Results are consequent- 
ly reported as concentration of radium-226. 
Isotopes of thorium, lead,' and polonium car- 
ried down partially or completely by the bari- 
um sulfate may also contribute to. the alpha, 
count. The analytical procedure is taken from 
Barker and Johnson (1964) . 

The precipitate is collected by filtration 
through a plastic-membrane filter, and is 
r counted in a low-background thin window 
alpha counter after a suitable delay to allow 
in-growth of alpha-emitting daughters. This 
increases the sensitivity by a factor of 4 (at 
equilibrium). The count rate of the sample is 
compared against that of a radium-226 
standard carried through the procedure. 



Radioactive impurities in the reagents may 
be significant. Reagents are selected, and 
blanks are run witly^etus ^t of sam ples. ^ 

Since alpha ra^ation is stronglX absorbed 
by the precipitate, it is essential toNkeepthe 
weight of precipitate constant in tl^p sampU 
standards, and blanks. High salinity 
(brines), colloidal matter, and high concen- 
trations of strontium or barium may cause 
problems by adding to the mass per unit area 
of the prfecipitate. Correction for increased 
absorption is made by^use of internal stand- 
ard techniques. 

3. Interferences 

Alpha-emitting nudities of thorium and 
polonium may be carried down with the pre- 
cipitate, but their concentrations are not 
siiflfrciently high in most natural water to con- 
stitute a problem. 

4. Apparatus 

4.1 Beaker, 1,500 ml. 

4.2 Filter flask, 2 fiOO ml. 

4.3 Membrane filter, 47-mrn diameter, 
0.45-micrometer porosity. 

4.4 Filtration assembly, for membrane fil- 
ter including funnel, sintered glass-filter sup- 
port and clamp; 

^^.5 Ring-and-disc sample mounts, 47-mm 
diameter* 

4.6 Low-background counter, an anticoin- 
cidence-type counter with 2-in. thin window 
flowing i^as proportional detector preferably 
capable of measuring both alpha and beta 
activity simultaneously. 
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5. Reogents 

5.1 Ammonium sulfate solution (40 per- 
cent, by weight) Dissolve 1,600 g of am- 
monium sulfate in a minimum volume of hot 
distilled water. Cool'to room temperature and 
filter. Dilute the solution to approximately 4 
liters in a 4-Iiter bottle. 

5.2 Barium carrier solution (1.40 mg 
Ba+2 per ml) : Dissolve 1.246 g of barium 
chloride dihydrate in distilled water, add 5 
ml of concentrated HCl, and dilute -to 500 ml. 

5.3 Hydrochloric acid, concentrated. 

5.4 Methyl orcCnge indicator solution. 

5.5 Radium standard solution I, 50.0 
pCi/ml. This solution is prepared from Na- 
tional Bureau of Standards' encapsulated 
radium standard No. 4955 which contains 
0.100 xlO-« curie of radium-226 in 5 ml of 5 
percent HNO3. Rubber gloves should be worn 
in preparing a standard solution by the fol- 
lowing recommended procedure. 

5.5.1 Place the vial containing the 
radium standard in a clean, heavy-wall, 
small-neck bottle or flask of 250- to 500-ml 
capacity. Add 50 ml of 3 iV HCl, and stopper 
securely with a polyethylene stopper. 

5.5.2 Place the bottle (or flask) in a 
strong plastic sack and, holding the stopper 
firmly in place, shake vigorously to break . 
the vial. i / 

5.5.3 Decant , the solution into a 2-liter 
volumetric flask. 

5.5.4 Rinse the bottle with 50 ml of 
3 N HCl, and decant into the 2-liter flask. 

5.5.5 Add another ,50 ml of 3 N HCl, and 
wash thoroughly using the ultrasonic 
cleaner. Decant into the 2-liter flask. 

5.5.6 Rinse with 50 ml of 3 N HCl. De- 
cant into the 2-liter flask. 

5.5.7 Repeat steps 5.5.4 and 5.5.5 al- 
ternately, three more times each. 

5.5.8 Dilute the solution in the 2-liter 
flask to 2,000 ml with distilled water and 
mix thorouglily. 

The final concentrations of radium and 
hydrogen ion in this stock solution are: 
(Ra+^) =50pCi/ml and (H+)=0.75M. 

5.6 Radium standard solution II, 1 ml = 10 
pCi: Transfer 50 ml of the radium standard 
stock solution to a (250-ml volumetric flask 



and dilute to volume -with distilled water. 
Add a* small, clean disk or foil of 22-carat 
gold (surface area ^ 4 cm^) to the solution 
to remove polonium-210. This disk should 
remain in l^e standard solution continu- 
ously. 

5.7 Sulfuric acid wash solution: Dilute 
5 ml of concentrated H2SO4 to 1,000 ml with 
distilled water and add 3 to 4 drops of Triton 
X-100 surfactant (Rohm and Haas Co.). 

6. Procedure 

6.1 Measure 1,000 ml of the sample, pre- 
viously filtered if necessary, into a 1,500- 
ml beaker. If the sample contains more than 
350 mg/1 of calcium, take a proportionately 
smaller volume and dilute to 1,0P0 ml. If a 
sample is believed to contain sufficient quan- 
tities of barium, strontium, or other dis- 
solved or suspended material to add more , 
than 1 or 2 mg to the weight of the pre- 
cipitate, the internal standard modification 
should be used (sec. 6.8) . 
' 6.2 Prepare duplicate standard solutions, 
each consisting of 5.00 ml of radium stajid- 
ard solution (1 ml = 10 pCi radium-226) di- 
luted to 1,000 ml with distilled water, and 
a blank solution consisting of 1,000 ml of 
distilled water. Add a few drqps of methyl 
orange indicator,vand adjust tlie pH to ap- 
proximately 3.5 by dropwise additio'h of con- 
centrated HCl (or NH4OH followed by HCl 
if the sample has an initial pH below 3.5). 

6.3 He^t blank solution, samples, and 
standard solutions to incipient boiling point, 
and readjust the pH to approximately 3.5. 

6.4 Add 3 ml of the barium carrier solu- 
tion to each beaker and stir vigorously. 
While stirring, add 15 ml of saturated am- 
monium sulfate solution. Continue heating 
near the boiling point for an additional 15 
to 30 min. ; . 

6.5 Alldw the precipitate to digest at 
room temperature for 4 hr or longer, then 
coUpct the precipitate on a membrane filter. 
Police down the beaker carefully to ensure 
complete transfer of the precipitate to the 
filter. Wash the precipitate with small vol- 
umes of the sulfuric acid wash solution. The 
barium sulfate precipitate should be evenly 
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distributed to minimize self-absorptio^ 
alpha particles. A fine jet 6f the wash 
tion can be use^ to redistribute the pre^ipi' 
tate on the filter and to oljtain unifonti ^is' 
tribution- ^ 

6.6 Wiien the membrane filter is.pr^^ti' 
cally dry, mount it in the ring-anA^^^^ 
holders. , 

6.7 Determine the lalpha activity 
blanks, standards, and samples after ^il^^W' 
ing the precipitates to age 15 d (or lon^^^)* 
-Count each planchet for 100 min. 

6.8 For those samples suspected of 

ing excessive absorption loss of alpha r^^^^' 
tion, repeat the analysis ysing the int^^^I 
standard procedure as fallows: Prep^^^ ^ 
second sample as in 6.1. Add 5.00 tO^ 
radium standard solution (1 mlj=io P^^)- 
Proceed with the analytical determinati^" 
before, and count. The difference bet^^^^ 
the count ral^ of the sample containing 
internal standard and the count rate the 
sample is the basis for calculating tb^ 
ciency factor to be' used. 

7. Calculations^ 

7.1 The ''radium as radium-226" 
ciency factor (Ea) is calculated using th^ 
lowing equation : 

£'o = — > 

wfiere * 

average count rate of sta?^^^^^ 
(cpm) corrected for backgf^^"^ 

^ and blank, and , 
dn=^ disintegration rate of stai^^^^^ 
(dpm). 

7.2 The "radium as radium-226'' 
ciency factor (E^)* for the internal ^tand- 
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afd jjrocedu^^ is calculated using the 
lowing equation : ^ ^ 

£l/h~ > 



v/here / ' * 

^;^,= average count rate (cpm) of the 
^ » sa^^ple containing the internal 
, '^^^ standard, and 
d^,= kno\vn disintegration rate (dpm) 
the internal radiuyn standard 
a^ded to the sample.- 

7 3 Calculation of radium gross alpha 
concentration, normal procedure. Use equa- 
tion: 

^ ^ 1000 c 

'pCi/1 of lia (as radium-226) =^^- . 

KVEa 

7.4 Calculation of radium-gross alpha 
concentration, internal sta|dard procedure. 
Use equation : j 

iOOOc 

Y)Ci/l of lia (as radium-226) ==- . 

KVEb 

Report concentrations less than 1.0 pCi/1 
to one significant figure and concentrations 
above 1-0 pCi/i to two significant figures. 

Reproducibility at the two standard de- 
viation level ig approximately ±1.0 pCi/1 at 
concentration^ of 0.5 ,pCi/l and below. Re- 
producibility is to approximately ±20 per- 
cent at highe^ concentrations. 

Reference 

Barker, ^nd Johnson, J.^p., 1964, Determina- 

tion of ra^jjuyi^ in water:-. .U.S. Geol. Survey 
^jiter-Suptjjy Paper 169^5>29 p. 
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Radjum-226, dissolved 
Radon emanation method (R-1 141-76) 

Parameter and code: Radiuin-226, dissoived (pCi/l): 09511 



1. Application 

The method is applicable to any water 
sample. 

V 

'2. Summary of method 

The method is based on the isolation of 
radon-222 produced by radium-226 and 
measurement of the alpha activity of the 
radon ftnd 'its short-lived daughters. The 
method is specific for radium-226 in contrast 
to the precipitation method of Barker and 
Johnson (1964). The procedure represents 
an improvement of the emanation method of 
Rushing (1967) in the substitution of a 
complexing agent to redissolve precipitated 
barium sulfate. Formerly a complex proce- 
dure for resolution involving a strong a^^id, 
ashing, and evaporation was requir^. Radoli 
is measured in a modification of imB alpiha 
scintillation cell of Lucas (1957). 

^ Dissolved -radium in filtered water is col- 
lected by coprecipitation with barium sul- 
fate. The precipitate is centrifliged and then > 
dissolved in alkaline sodium diethylene tria- 
mine pentacetate solution. The solution is 
transferred to a radon bubbler, and arty 
radon present is removed by purging with 
heliu"m gas. Fresh radon is then allowed to 
grow in. After several days the ingrown 
ra^on is purged into an alpha scintillation 
ce\T, short-lived daughters are allowed to 
grow in, and the alpha-count rate is then 
deterniined. The radium-226 concentration 
in the original water sample is calculated 
from the radon deterniination on the basi5 
of the rate of radon production with time. 



3. Interferences 



The method is normally specific for 
radium-226. Radium-223 and radmm-224 
produce radon-219 and radon.220, respec- 
tively. Neither of these interfere directly, 
but the 10.6 hr lead.212 from radon-220 has 
a.lpha-emitting daughters which could inter- 
fere. A Avait of ^2 or 3 d beforfe counting 
eliminates the interference. The alpha-emit- 
ting daughters of radon-219 have no effect 
if sufficient waiting time is allowed for com- 
plete decay of the 36 min lead-211. 

4. Apparatus 

4.1 Alpha-counting apparatus, scaler and 
high voltage .power supply, preamp and am- 
plifier with discriminator. 

Beaker, 1,500 ml ^ 
' " . 4.3 Gas delivery system, for helium gas. 

4.4 Mixer, wiggle-plate or ultrasonic type. 

4.5 Radon deemanation train and bubbler 
(fig. 5). 

4.6 Radon scintillation cell and housing 
(fig. 6). ^ . 

^. Reagents 

5.1 Barium carrier solution, 50 mg, bar- 
ium/ml: Dissolve 75.81 g barium chloride 
(BaClo) in distilled water arid dilute to 1,000 
ml. 

5.2 Defoaming emulsion, Dow Coming 
Anti Foam H-10 emulsion, or equivalent : 
Dilute to approximately 4 to 5 percent solu- 
tion! with distilled water before using. 

5.3 DPTA--TEA solution: Dissolve 10 g 
of sodiuni hydroxide pellets in a beaker con- 
taining 60 ml of distilled water, and stir in 



43 



44 ^ 



TECHNIQUES OP WATER-RESOURCES INVESTIGATIONS 




BUBBLER WITH POROUS 
DISK AND STIRRING BAR 
DRYING TUBB 
SCINTILLATION CELL 
MANOMETER. 80 cm 
HELIUM DELIVERY 
SYSTEM 

GEARED MOTOR WITH 
ROTATING MAGNET 



f^igure s.^Radon deemanation tram and bubbler. 

cold^^ater4)ath until dissolved. Add 20 g of 
purifie(j 3iethylene triamine penta acetic^ 
acid (DPTA)v and continue stirring until 
dissolved. Add 17 ml of 50-percent triethano- 
lamlne, mix and dilute to 100 ml. Store in 
Teflon bottlef 

^•4 Uadium standard solution I, 1 ml = 
50.0 pCj. rjy^jg solution is prepared from Na- 
tional Bureau of Standards' encapsulated 
radium standard No. 4955 which contains 
0.100xio-« curie of radium-226 in 5 ml of 
5 percent HNO,. Rubber gloves should be 
"^orri preparing a standard solution by 
the following recommended procedure. 

5-4.1 Place the vial containing the 
radium standard in a clean, heavy-wall, 
smalUjQg^.]^ bottle or flask of 250- to 500-ml 
capacfty^ Add 50 ml of 3 if HCl and stopper 
s^ur^ly with a polyethylene stopper. 

5.4 2 Place the -bottle (or flask) in a 
durable plastic sack, and, holding the stopper 



firmly in place, shake vigorously to break 
the vial. 

5.4.3 Decant the solution into a 2-.liteiv 
volumetric flask. 

C5.4.4 Rinse the bottle with 50 ml of 3 N 
HCl and decant into the 2-.liter flask. 

5.4.5 Add another 50 ml of 3 N HCl'and 
wash thoroughly using the ultrasopic 
cleaner. Decant into the 2-.liter flask. 

5.4.6 Rinse with 50 ml of 3 iV^HCl. De- 
cant into the 2-liter flask. 

5.4.7 Repeat steps 5.4.4 and 5.4.5 alter- 
nately, three more times each. 

• 5.4.8 Diiute the solution in the 2-liter 
flask to 2 liters with distilled water and mix 
thoroughly. 

The final concentrations of radium and 
hydrogen ion in the stock solutions are : 
(Ra+=) =50 pCi7ml and (H+) =0.75 mole/1. 

5.5 Radium standard solution II, 1 ml = 
1.000 pCi : Dilute lOToO ml radium standard 
solution I and 10 ml of concentrated HCl to 
500 ml with distilled water. 

5.6 Sulfuric acid wash solution: Add 5 ml 
of concentrated H2SO4 and 3-^ drops of Tri- 
ton X-100 to 4 liters of distilled water. 

5.7 Sulfuric acid, concentrated. 



6. Procedure 

64 Coprecipitation of radium with bar- 
ium sulfate. 

6.1.1 Add 5 ml concentrated hydro- 
chloric acid to 1,000 ml of filtered water sam- 
ple contained in a 1,500-ml beaker. 

6.1.2 Add 1 ml of 50 mg/ml barium 
carrier to the sample and stir.j 

6.1.3 Cautiously add 20 ml of concen- 
trated sulfuric acid to each sample with con- 
stant stirring. {Use of a 500-ml dispensing 
flask fitted with a 50-ml delivery head facili- 
tates the^acid addition.) Stir well after the-, 
acid addition. Allow barium sulfate precipi- 
tate to settle overnight. r> 

6.1.4 Carefully remove the supemate by 
decantation or suction, and quantitatively 
transfer the balance of the supernate and 
precipitate to a 40-ml centrifuge tube using ^ 
a rubber policeman and small quantities of 
dilute sulfuric acid-Triton-X-100 w^h solu- 
tion. ^ 
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A - ^GINTILLATOB CELL - KOVAR 
BELL COATED INSIDE WITH 
ACTIVATED PHOSPHOR 

B - QUARTZ .WlKlDOW CEMENTED 

TO SCINTILLjfllcrbR BELL ' 
C - PHQTOMULTIPLIER TJJBE 

D - TUBE BASE WITH \ 
VOLTAGE DIVIDER 

E - PQLYURETHANE CENTERING 
' RING AND SUPPORT 

F - HIGH VOLTAGE .AND 

SlGl^AL CONNECTION ' 

G - LIGHT-TIGHT METAL 
HOUSING 

H - ELASTIC LIGHT TIGHT 
FELT SURROUND 



Figure 6.— Radon scintillatidn cell and housing. 



6:1.5 Centrifuge as necessary, decant; 
and discard' supemate. 

6.1.6 Add approximately 10 ml of dis- 
rtilled water and 1.5 ml of DTPA reagent to/ 
the precipitate in the centrifuge tube. Dis- 
perse the precipitate in each tube by using a 
wiggle-plate mixer^ or an ultrasonic unit. 
Place tubes in a wire rack, and immerse rack 
and tubes to a depth of approximately 1 inch 
in a boiling-water bath. 

" 6.1.^ Complete dissolution should occur 
within a few minutes if the barium sulfate 
"pellet" was adequately dispersed. Occasion- 
ally, volume of solution in the centrifuge 
tubes may decrease by 4-5 ml as a result of 
prolonged heating, and the precipitate may 
not dissolve. Addition of distilled water to 
bring the volume to approximately 20 ml 
maximum plus. additional redi^p^mon and 
heating will usually result in rapid dissolu- 
tion of even difficulty soluble precipitates. 
After the precipitate has dissolved, cool th^^ 
tubes. 



6.2 Deemanations. 

6.2.1 Using a funnel with a fine tip, 
transfer the cooled solution to a clean bub- 
blerTWash^^®^^^^^^^® several times 
with distilled water," and add the washings 
anl^sufficient additional water to the bubbler 
to leave appn^j^nately 2 cm of airspace at 
the top. Add 1-3 drops of 4 percent silicone 
defoaming emulsion to the solution in the 
bubbler to minimize frothing during purging. 

%^.2 Attach stopcock and "O" ring to 
bubbler using clamp, leaving outlet stopcock 
on bubbler assembly in open position. Attach 
helium line (3-5 psi) to inlet side of "bubbler. 
Slowly open stopcock on inlet until^a stream 
of fine bubbles rii^s from the porous disk. 
Maintain a steady flow of bubbles through 
the sample for approximately 20 min to coiji- 
■^etely purge all ingrown radon from the 
solution. Close'inlet stopcock and allow pres- 
3ure under porous disk to equalize^ momen-- 
tarily. Close outlet and record the day, hour, 
and minute. This is zero time for the growth 
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ot radon that will be removed in the second 
deemanation and counted. 

6.2.3 Allow from 2 to 20 d in-gi:owth 
time for radon-2220»depending "^ipon the 
radium-226 concentrati'Sn in the original 
sample, volume of sairiple used, and so forth. 

6.2.4 The second deemailation is made 
by setting up the bubbler as in 6.2.2 except 
that both stopcocksware initially closed. At- 
tach bubbler to drying t.ube with "0" ring 
and clamp. Evacuate, purging assembly, in- 
cluding cell, with vacuum pump for approxi- 
mately 1.5 to 2 min. Close stopcock at vacuum 
pump, turn pump off, and momentarily crkck 
vacuunT4p|iM^P connection. Open stopcock in 
helium"^ line above bubbler-inlet stopcock and 
-^momentarily crack "0" ring^ connection to 
purge trapped air from- line and bubbler-ihlel 
connection. Clamp and allow system* to *stan<J 
for approximately 2 min. If system leakj^^ 
manometer meniscus will flatten or manome-^ 
ter will begin to fall. If meniscus remains 
stable, proceed to' next step. 

6.2.5 Carefully open bubbler-outlet stop- 
cock until jnanometer begins to fall (checlc 
porous dislMor fine bubbles). Allb^ vacuum 
to equilibrkWslowly (otherwise there is ex- 
cessive risk^^ drawing liquid sample into 
drying tube) .Bubbling will slow appreciably' 
in a few seconds. Slowly open outlet stopGock 
complete. Then continue with purging? by 
slowly opening bubbler-inlet stopcock,^^heck- 
ing porous disk carefully for rising bubbles. 
{Flow rate must be closely controUed again, 
at ' ihis ' point, to prevent sudden surge of 
liquid into dicing tube.) Allow pressure to 
build up slowly, controlling manometer fall 
rate to complete purging in 15-20 min. To 
prevent cell leakage during counting, close - 
the eel) stopcock at approximately 4 mm be- 
low atmospheric pressure. ^ 

J6.2.6 Close down "purging assembly stop- 
cocks from cell to helium inlet ii\ sequence as 
rapidly as possible. Record ti 
bubbler from , assembly qijfickl 
outlet stopcock momentarily to r 
pressure. , 

6.2.7 Place cell in light-tight counting 
^amber. Allow to age 3 or 4 hr before count- 




e. Remove 
.and crack 
,se helium. 



ing. Count overnight (1,000 min) for the 
average water sample. 

6.2.& Dates, times, counts, and all other 
pertinent sample information should be re- 
corded on data and calculation sheets. 
• 6.3 Calibration of equipment: One low 
(^10 cpm) and one high' (^1,000 cpm) 
count rite disk standards afce useful for rou- 
tine instrument calibration tests apd for de- 
termining photomultiplier tube plateau 
curves. Prepare by precipitating each of»t^yo 
standards containing 5 and 500 pCi of 
radium-226 with 50 m^f barium sulfate re- 
spectively as previously described. Mount the . 
precipitate by- filtering through a 47-mm,. 
0.45-microm(Bter membrane filter. Dry and 
place on the disc of a ring-and-disc assembly. 
After drying, cover the precipitate on the fil- 
ter with a Mylar disk coated with an' alpha- 
sensitive phosphor. The dull phosphor-coated 
side should be placed against the sample. 
Cover with, the ring, press into place, and 
then seal the assembly with several pieces of 
cellophane tape to prevent it from separating. 

The high count rate S|tandard is used to de- 
termine the plateaus for each photomulti- 
plier tube, and the appropriate operating 
voltage is then chosen accordingly. The low^ 
count rate standard is uspd to check instru- 
ment operating conditions at low count rates 
comparable to those of typical samples. 

Frequently operating characteristics of 
two or more photomultiplier-counting sys- 
tems are sufficiently similar to enable the use 
of a single high-voltage power supply. 

Minor differences in the counting efficien- 
cy of each unit can be adjusted by the use of 
a focusing potentiometer on each photomulti- . 
plier housing. 

Long-term instrument backgrounds 
should be obtained for each counting system 
and should not generally ^ceed 0.005 cpm. 

Scintillation cell background count rates 
^hould be determined periodically for each 
/ cell in combination with each' instrument. 
Generally, background count rates are deter- 
mined using a minimum of 1,000 min. Back- 
ground count rates for a specific cell may 
vary considerably from one instrument to an- 



EKLC 



METHODS FOR DETERMINATIOr^ OF RADIOACTIVE SUBSTANCES 



47 



other, but should not ^nerally exceed 0.10 to 
0.15 cpm« 

After , long use or after counting a high- 
ra^iium-content sample, background rates in 
soAie scintillatjipn cells may became excessive 
(>0.15 cpm) for low-level, work. In that 
event the celjs must be used only for rela- 
tively high-lWl saWes. Original low back- 
ground m^ be>«rtt5red by rebuilding. 

, 6.4 Experimental determination of 'count- 
ing efficiency: The counting efficiency of each 
scintillation cell varies between cell^ and" be- 
tween cpunting instruments. Consequently, 
for the most ^ccjurate work, the counting effi- 
cienty of each scintillafion cell should be de- 
termined in each instrument in which it is 
used. ! 

The counting efficiency for each cell- 
instrument unit is determined by counting 
radon transferred from a ''standard bubbler" 
containing a measured amount of radium-226 
standard solution. A minimum of four or five 
standards or one for each counting instru- 
ment enables four or five cells to be cali- 
brated simultaneously. Waiting time for 
radon ih-growth is also considerably reduced 
as compared to that required if only one 
standard is available. 

\ Standards are prepared by pipetting 10.0 
ml of 10-pCi/ml radium-226 standard solu- 
ti^ui directly into each of several' bubbler 
tubes. The tubes are fitted' with an "0" ring 
stopcock assembly, and then deemanated to 
' determine the zero in-growth time for radon 
in the same manner as a sample. Barring any 
spillage or breakage, the standards will last 
indefinitely and can be deemanated every 4 or 
5 d to provide radon for calibration purposes.\ 

Cell-counting efficiencies . are generally 
about 5.3 cpm/pCi of radon-222 after in- 
growth of daughters for 3 hr, but this may 
vary coaisiderably depending upon factors 
including the age of the cell, phototube condi- 
tion, and moisture in .cells^ Erratic results 
are sometirftes obtained as a result of im- 
proper cell or instrument grounding, loose 
connections, noisy power lines, and, so forth^ 



7. CaUulations ' f^^^ 

7.1 Radon counting efficiency factor^ 
(E). The calculation requires corrections for 
radon inrgrowth and radon decay. The radon 
in-growth and decay ctfrves and their rela- 
tion to the time intlrvals that appear in the 
equation are shown in figure 1. Substitute 
tbe experimental data obtained for' each 

-instrument unit (sec. 6.4) into a modi- 
fied form of equation 4. - 



Cn 



where 



rf„(l-e-VO(e^^^) 



Ai = decay constant of radon-222 
(1.259x10-* min-0 , 

^1 = time-^terval for buildup of 
radon between the previous 
deemanation of the standard 
(point A, fig; 1) and the pres- 
en^'deemanation (point B), 

^4 = time interval between deemajna- 
tion standard (point B) and 
midpoint , of the counting 



time*=f2+ — f 
2 



where 




fa^time interval between deemana- 
tion of the standai^, (point 
^) and the beginning of the 
count time (point C), 
f=half the time interval between 
the beginning (point C) and 
the end ^ (point D) jof the 
counting time, and 
^ and d„ are as defined in equation 2. * 

7.2 Calculation of ^radium-226 concentra- 
tion: Efficiency (E) used for an Individual 
sample is that determined for the cell and 
instrument used to count the sample. An in- 
growth factor is introduced because of in- 
growth of radon with time after the fifst 
deemanation. Use a modified form of equa- 
tion 3 when counting time is less than 3,600 
minutes. 

pCi/l of radiUin-226 

1000 c" . 



5! 
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='time interval for in-growth of 
radon betwen first deemanation 
(step 6.^.1) and second deemana-o 
tion (step 6.2.5) of the sample, 
• and 

Uptime interval between second de- 
emanation of the sample (step 
6.2.5) and midpoint of the sample 

counting time, =^2 + — . 

. 2 . 

The other symbols are as defined in, sec- 
tion^ 7.1. 

. When counting time exceeds 3,600 min- 
utes, use equation 3 including the term for 
correction for decay during the count. 
pCi/1 of radium-226 

. 3 1000 Ci^3 

7 KVEd-e-^'^) (e-VO (l-ey3)' 




where 

42= delay before couijting, point B to 
C, figure 1, and 
! interval of count, point C to D. 

^r symbols are as defined in 7.1 

and 7.2. 

Radon decay and in-growth factors are 
easily and accurately calculated with an elec- 
tronic calculator having natural log and e* 
functions. The table of "Radon fraction 
(e~^0 remaining after radioactive decay for 
specified times," for commonly used time in- 
tervals (table 1) may also be used. 

8. Report 

^ Report concentratrons less than , 0.10 
pCi/1 to onjB i^gnificant figure and^lues 
above 0.10 pCJi/1 to two significant figures." 



Table 1.— Radon fraction (e"*') rj2naining a 

« [Radon TH = 



;er* radioactive decay for specified times 

3.823 d] 



Time 



6 
7 
8 
9 

10 



Days 




'0.834,18 
.696,86 
.680,46 
.484,21 
.403,91 

.336,93 

.281,07^ 

.234,46 

.196,68 

.163,16 

.136,09 
.113,63 
.094,70 
.079,00 
.066,90 

.054,97 
.04fe,86 
.038,26 
.031,91 
.026,62 

.022,20 
.018,62 
/.016,46 
.012,89 
.010,76 

.008,97 
.00^,48 
.006.24 
.006,21 
.004,34 



Hours 



Minuteo- 



0.992,47 
.986,00 
.977,69 

, .970,23 
.962,93 

.966,68 
.948,49 
.941,36 
.934,27 
.927,24 

.920,26 
.913,33 
.906,46 
.899,64 
.892,87 

.886,16 
.879,48 
.87^,86 
.866,29 
.869,77 

.863,30 
.846,88 
.840,60 
.834,18 



0.999,87 
.999,76 
.999,62 
^99,60 
.999,37 

.999,24 
.999,12 
.998,9.9 
.998,87 
.998,74 



998,62 
998,49 
998,36 
998,24 
993,U 



.997,99 
.997,86 
.997,74 
.997,6i 
.997,48 

.9i97,36 
.997,23 
.997,11 
.996,98 
.996,86 

.996,73 
.996,61 
.996,48 
.996,36 
.996,23 



Time 



31 

32 

33 

34 

36 

36 ^. 

i ::::: 

39 

40 

41 — — , 

42 

43 

44 

46 

46 ^, 

47 

48 

49 

50 

61 -_->- 

62 

63 . 

64 

66 

66 

67 

68 

69 

60 



Minutes 



0.996,10 
.996,98 
.996,86 
.996,73 
.996,60 

.996,48 
.996,36 
.996,23 
.996,10 
.994,98, 

.994,86 
.994,73 
.994,60 
.994,48 
.994,35 

.994,22 
.994,10 
.993,97 
.993,85 
.993,72 

.993,60 

.993,47. 

.993,36. 

.993,22 

.993,10 

.992,97 
.992,85 
^ .992,72 
.992,60 
.992,47 
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9. Precision ' ' : 

On the basis of limits data the precision 
at the 0.10 pCi/1 level, is estimated at ±20 
percent Above 0.10 pCi/1 J:he precision is 
estimated at ± 10 percent 
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Radium-228, dissolve 
Determrnatioh by sepafation and counting of actinium- 

228 (R-1142-76) 



I mete I 



Parameter ond code: RadJum-228, dissolved (pCi/l): none ^assigned 



1. Applfcation 

The method is applicable to all natural- 
water samples. Applic^ons to samples con- 
taining reactor effluent or other contaminants- 
have not been evaluated^ ^ 

2. Summary of method ■ ( . 

The method is based on the chemical sepa- 
ration and subsequent beta counting of ac-< 
tinium-228,* the daughter of radium-228. 
Radium-'228 is nqt .determined directly be-^ 
cause of the difficulty of counting- its we^k 
^ijcta emission in the presence of other alpha- 
emitting radium isotopes and their beta-emit- 
ting daughters (Johnson, 1971). 

3. Interferences 

No cheniical interferences have been de- 
tected. Because of chemical similarity, radio^ 
nuclides of the^ actinide elements and the 
rare^rth elements may accompany the ^c- 
tiniujn precipitate. Significant concentrations 
of these would be expected only in areas 
where nuclear Ifesion or%uclear research is 
carried on. 

Radiocnfemical interferences are unlikely 
to occur in natural waters. Decontamination 
factors for other natural r^tdit^nuclides. ap- 
pear to be 5,000 or greater. Exnaustive tests 
for ^artificially produced radionuclides have 
not been made, but little or no interference 
has been detected for cesium-137, strontium- 
90, and yttrium-90.f Lanthanum-140 appears 
to be the most probable interference, trut this 
and other rare-earth nuclides would be en- 



countered only in waters contaminated by 
reactor effluent. /, ; * 

Success of the method at ^Ipw levels of 
radioactivity depends largely upon use of Te- 
ageijits essentially free of radioactive con- 
tamination. Purity of the yttrium reagent is 
especially importanjkgj, 

4. Ap^rptus ' 

4.1 Centrifuge. 

4.2 Centrifuge tubeSy AO- or 50-ml capaci-, 
ty, heavy-walled. 

4.3" Drying lamp, infrared, mounted in 
•'ringstand. \ 

4.4 Hotplate. 

4.5 LoW'hackgrounH counter , an antico- 
incidence-type counter with 2-in. thirh\win- 
dow flowing gas proportional detector prefer- 
ably capable of mjeasuring^ both alpha and 
beta activity simultaneously, f ' . 

4.6 Planchets, 50-mm diameter, concen- 
tric-ring type. 

4.7 Stirring rods, Teflth. 

5. Reagents 

5.1 Amnionitim hydroxide, cpncentrated. 

5.2 Ammoflium sulfate solution, 200 im/ 
ml : Dissolve 200 g of ammonium sulf ate»^m 
distinedWaferanddilute^ 

' 5,3 Ammonium sulfide solution, 2 pei^cent: 
Dilute 10 ml of 20-23 percent aqueous am- 
monium, sulfide solution to 100 ml. 

5.4 Barium carrier solution, 1 ml^ 16.00 
mg Ba+-: Dissolve 28.46 g of BaCU ^H^O in 
distilled water, add 2 ml of concentrated ni-. 
trie acid, and dilute to 1,000 ml. 
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5.5 finder solution; Dissolve about 1 g of 
"Duco" cement in lOOjnl acetone. 

5.6 Citric AciA 1 M: Dissolve 210.1 g of 
citric ,acid monohydrate in ^ distilled wateft 
and dilute to 1,000 ml. .\ 

" 5.7 EDTA reagent, 0.25 M EDTA con- 
taininpr 20'mR/Tnl ^TaOH: Dissolve .20 g of 
NaUll 111 aOggt 7 00 ml dlHllUed water. Heat, 
and slowly add 93 g of disodium ethylenedi- 
aminetetraacetate wljile stirring. When die- 
solution is complete, cool, and dilute to 1,000 
ml. ' " 

5.8 Lead carrier solution ly 1 ml = 15.00'^ 
mg Pb+=: Dissol^^13.97 g of Pb(Np.). in 
distilled water; add 2 ml of ^concentrate^d \ 
nitrip acid, and dilute to 1,000 mb | 
. 5v9 Lead carrier solution II, 1 ml = 1.50 
mg Pb+-: Dilute 1^0 ml of lead carrier solu- 
tion I to 1,000 mk 

5. W M^tfiT/ 1 prang e indicator sohd ion. 

5.f4'''M'(Wc acid, concentrated. 

5.12 Sodium hydroxide, 10' N: Dissolve 
400 g of NaOH pellets in distilled wat^r and 
dilute to 1 liter. Store in a polyethylene or^ 
Teflon bottle. ^ . - 

5.13 Sulfuric acid, 18 N: Cautiously add 
500 ml concentrated H.SO» while stirring 
into about 400 ml distilled iwate¥>: cool, and 
dilute to 1,0Q0 ml.V , 7 \ 

' 5.14 Ro,dium-228 standard: The brepara- . 
tion of the;, standard solutibn is complicated 
by. the fact that a standard Qf radium-228 is 
not readily obtainable. "Generally tlje radium- 
228 must be obtained from thorium metal or 
pure compounds sufficiently old to permit 
equilibrium in-growth of radium-228. In 40,- 
year-old material the riidium-228''' daughter 
has reached 99 percent of equilibrium con- 
'centration. The following procedure is used 
to accurately prepare standardized* thoriym- 
232 a^d radiara-2-28 from thorium .oxide ap- 
proximately 50 yr old. 

5.14.1 Weigh but a l.QOOO g sample of 
thorium dioxide. ^ 

5.14.2 Transfer the sample* to a 250-ml 
Erlenmeyfer flask containing '20 ml of acid 
mixture (15.7 N HNO,, 0.05 AT HF). Care- 
fully heat and stir the mixture until the ThO., 
dissolves. Transfer the solution to a 200^^1 
volumetriQ flask and add a little barium ni- 



trale solution containing 5-15 /xg of barium.. 
Make i4P 'to volume with 1 N nitric-^acid. 
Activity of radium^28* in the solution is 
calculated as follows: - 

Radium-228 ^dpm/ml)^ - , 

t ' • =246Pr (l'-e«^^°^0, 

where . . " 

pr = thorium concentration in . mg/ml, 
r and 

f = years since thorium ^xide was 
prepared. ' / ) 
At equilibrium 1 mg thoriUm = 24^apm radi- 

uijn-228. . \ . ' ^^^^-Hy • 

5.15 YttHupi carrier solution, 1 rnl^lS 
nie Y+': Add 22.85 g of Y2O3 to a ■250-ml 
Erlenmeyer flask containing 20 ml of water. 
Swirl, place on a hotplate, and heat to boil- 
ing. Slowly and cautiously add concentrated 

* nitric acid, while stirring, until a homogene- 
ous solution is, obtained. (Usually about 30 
ml of nitric acid is required. It is soB^Stimes 
necessary to add more water.) Add an addi- 
tional 70 ml of concentrated nitric acid and 
dilute to 1 1|W. "fTbte: The yttrium oxide 
must be as free as possible of bet^t activity 
(usually due to isotopes of actinium). Yttri-, 
um oxide suitable for carrier preparation has 
be^ obtained from American Potash and 
fchemical Corp., West Chicago, 111. 

5.16 Yttrium-sir on\iurfi carrier solution:, 
1 ml = 0.9 mg Sr+; and 0.9 mg Y+'^ Dissolve 
434.8 mg of Sr^b;',)2 in distilled water; add 
10 ml of yttrium carrier solution,', and dilute 
to 200 ml. ^ ' 

* 6. Procedure • ' ' ^ 

, 6.1 Use 1-4 liters* of sample, on the bSsi^ 
of the' expected radium-228 "content, and 
evaporate to 1 liter," if necessary^ Add 5 ml 
of citric acid for each liter of original sam- 
ple, ^nd th^n add a fewr drops of methyl 
orange indicator. If tlie solution is yellow, 
add nitric acid until the red color iS obtainec^. 

Prepare standards by dilution of appro- 
priate volumes of the ''old'V thorium-radium 
solution to y liter. A disintegration f-ate of 
approximately 1,000 dpm is appropriate. 
Carry the standards through the proceduire 
in the same*way as a sample. * 
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6.2 Add 10 ml of lead carrier solution I, 
. 2 ml of barium carrier solution, and 1 ml of 

yttrium carrier solution. Heat to incipient 
* boiling, and maintain at this temperature for ' 
about 30 min with frequent stirrijng: ^ \ 

6.3 Add concentrated ammonium hydroxX 
dde until the yellow ^color of mettiyl orange is 
obtained ; then add a few drops excess. Pre- 
cipitate lead and barium sulfates by adding 
18 N sulfuric acid until the red color reap- 
pears; then add 0.25 ml excess. Add 15 ml of 
amm6nium sulfate solution for each liter of 
solution; keep the sample. at a temperature 
of about 90°C for 30 min and stir frequently. 
Remove from the? hotplate and allow to settle 
for at least 2 hr; then siphon or decant most 

> of the supernatant liquid and discard. 

6.4 Transfer the precipitate to a 40-;nl 
centrifuge tube; centrifuge, arid discard the 
supernatant liquid.' 

6.5 Wash the precipitate twice with con- 
centrated nitric acid using centrifugation 
wash techniques. Add ^^5 ml of EDTA re- 
agent.'Heat in a hot-water bath and stir in- 
termittently, adding a little additional 10 N 

. NaOH if the precipitate does not dissolve 
readily. - 

6.6 Add 1 ml' of strontium-yttrium car- 
rier solution. Stir thoroughly; aHd a few 
drops of '10 N NaOH if any precipitate forms. 

6.7 Add 1 ml of ammohipm sulfate solu- 
tion and , stir'^EHbroughly ;• add glacial 

- Vcetic acid dropwise until baritfm suliati pre- 
cipitates, and add 2 ml excess. Allow the pre- 
cipitate to digest ^in a hot-water bath until 
the -precipitate has largely settled. (Centri- 
fuge, then discard the supefnatantjiquid. . ; 

6.8 „^A^20 ml of EDTA reagent; heat, 
and stir:1^il the barium sulfate precipitate 
dissolves. I^jj^at steps 6.6 and 6.7. 

6.9 Dissolve the barium sulfate precipi- 
tate in 20 ml of EDTA reagent and add 1 ml 
o^yttriui;n "carrier solution ana I 'ml of lead 
caifrier' solution. If any precipitate forms it 
should be'dissolved by adding a few drops of 
10 N NaOH. Transfer the solution to a Teflon 
or/ polyethylene container. Record the date 
and time. Age for 36 hr or longer. Cover the 
sample to. prevem evaporation. 
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6.1^ I'^ansft'r the aged solution to a cen- 
trifuge ^Hd add 0.3 ml of ammonium 
sulfide, s^^^^tion. Add 10 .A^ NaQH dropwise 
while s^i^^ing vigorously, until lea^\sulfide 
precipit^^^s ; the^ ^dd about 10 drops excess. 
Stir inteJ^ittoptly over a period of about 10 
min. Thf ^^aoTsuifide should settle as a fine- 
granulaf ^^^ecipitate- - 

6.H t^^UtrifUge solution, and transfer 
the supernatant liquid to clean, centrifuge 
tubes. Di^^rd the residue. 

6.12 f^^ce the centrifuge tube m a. hot- 
water b^^^ and slo\vly add lo N NaOH to the 
liquid wl^^^^ stirrij^g, until yttrium hydroxide 
precipit^^^; ad^ x n^l excess and stir i^ter* 
mittentl/ ,^or sever^iTfii^Otes. Record the 
date and ^^^e of the precipitafion. Centrifuge 
as soon ^ the yttrii*^ hydroxide has largely 
settled. P^^ard the supern^te. v 

-6.13 ^^h the precipitate thoroughly 
tvith 5 nil Of water containing about 10 drops 
of 10 AT ^^OH, ceJiWfuge, and discard»the 
wash sol^^on- 

6.14 /f^^nsfer the precipitate to a 5-cm 
counting Planchet, usin^ small yolumes of 
' distilled ^^ter, While drying under a]^ iijfra- 
red light ^^^p- Th^ l^st washing should con- 
tain 1 ml binder solution. 

.6.15 C^^nt the sample in * a .>w-baek- 
groundiD^^ counter for a suffici'entMen^^ of 
time to^^^^^in Satisfactory counting statis- 
tics. Rec^^^^ date arid tinne that count begins. 
For most natural paters* a countings period of 
about 30^ ^0 500 ^lin is^ desirable becaus^^ of 
the low c^^^^entr^tian of radium*228. 

7. Calcul^*"^n» • \ 

7.1 RMiunfi-^28 (actinium-228) efficiency 
factor: fhe calculation requires a factor for 
in-growtJ^ ^f the actinium daughter, and for 
decay ifi ^he tinr^g interval between , separa- 
tion fror^^ *he radium parent and beginning 
of count. 

The cli^^ical recovery factor is included 
rin overall eflficiency and is not separately 
identifie^i- tJse equation 4 omitting the 
term. 
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where 




radium-228 



actini^-228 



decay constant 

(0.1205 yr-'), 
decay* coni^tant of 
(0.001885 min-^), 
elapsed tin\3 between certification of 
\the standard and time of count in 
l^eaxs, . . ' 

time interval between final purifica- 
tion of barium-radium sulfate 
precipitate (step 6.9) and separa- 
tion of actinium daughter (aging 
time in minutes) (step 6.12)', and 
time interval between separation of 
actinium d:&,ughter (step 6.12) 
and counting in minutes. 

7.2 Calculation of radium-228 concentra- 
tion: Use equation 3 onfitting the / term. 
Correction for decay of rAdium-228 is seldom, 
required. In addition to in-growth and decay 
times for actinium-228 cited under 7.1 a cor- 
rection for decay during counting is required. 

pCi/1 of radium-228 

. 1,000c Ai^3 
"KVF(e-^^) (l-e-V.) (e-VO (l-e-^'O ' 



where - • 

= decay time of . radium-228 between 



sampling 
and 



and analysis in years, 



tj « counting time in minutes. 
The othi&r symbols are defined in section 7.1. 

8. Report 

Report values of less than 1,0 pCi/1 to one 
significant figure ajid values above 1.0 pCi/1, 
to two 3ignificant figures. 

9. Precision 

The limited data available suggest that 
precision of the method is approximately 
±20 percent for a coi?^entration of 1 pCi/1 
and ±10 perctent at the 10,.pCi/l level or 
ah^e. ' i ' 

Reference 

Johnson, J. 0., 1971, Determination of radium'228-un 
natural water: U.S. Geol. Survey Water-SupiJly 
Paper 1696-G, 26 p. 



Radioruthenlum, dissolved, as rutheniuini-106 
Distillation method (R-1150-76) 

Paramefer and code: Radioruthenium as ruthenium-106, dissolved (pCi/l): 

none assigned 



1, Application 

This method is apAlfcaJjle to analysis of 
nonsaline waters which do not contain high 
concentrations of organic matter. Using a 
maximum sample volume of 100 ml, the de- 
tection limit is approximately 4 pCi/1 Be- 
cause of this rather high detection limit, the 
method is of value primarily for water sam^ 
pies which have substantial fission product 
activity. The sensitivity may be improved 
by preconcentrating the ruthenium and by 
counting the sample mora -thaX the recom 
mended 150 min. 

2. Summary of method 

. Ruthenium salts form the • tetroxide in 
acid solution when a strong oxidizing agent' 
is present. This oxide melts near' room tem- 
perature and can be easily volatilized from 
concent^ted perchloric acid solution, which 
boils at approximately 200^C. Distillation of 
the tetroxide 'provides an excellent separa-, 
tion from almost ail potential sources of inr 
terference. 

The method used is essentially that de- 
scHbed by Glendenin* (1951). The water 
sample is evaporated to small volume, and 
stable ruthenium carrier is added. Nitric 
acid is added to oxidize organic matter, ,pho^s- 
phoric acid ija added to prevent volatilization 
of molybdenum, bromide- and iodide are 
atided as halogen holdback carriers, and so- 
dium bismuthate is' added to oxidize the 
halide ions to their respective nonvolatile 
oxyacids (Wyatt and Rickard, 1961). Final- 
ly» perchloric acid is added to oxidize ruth- 



enium to the^' tetroxide and to provide a high 
boiling point for the solution. Ruthenium *^' 
tetroxide is then distilled, with the aid of air 
liubblels through the solution, into a cold 
sodium hydroxide solution. Ethyl alcohol is 
added to precipitate the ruthenium as mixed 
oxides. 

The ruthenium oxides are separated from 
the supernate by centrifugation, redissolved 
in hydrochloric acid, and theii reduced to 
ruthenium metal-oxid^ mixture by addition 
of magnesium turnings. After dissolving the 
excess magnesium; ruthenium is recovered 
by filtration through a tared filter land 
counted on a low-background beta counter; 
Reccfvery is' determined gravimetrically. The 
corrected activity is compared with that pf 
^standards similarly prepared to determine 
the rutJienium-106 activity of the sample. 

The restriction of the method, to fresh- 
waters ^d low-sample volumes is necessary 
to avoid large amounts of solids in the dis- 
tillation flask. The range of usable sample 
volumes as a function of dissolved solids 
"has not be evaluated. ' 

3. Interferences 

Because the analytical method separates 
pure rutheniurg, only ruthenium isotopes can 
interfere*. On the basis of half-life, ruth- ■ 
enium-103 is the only interference of 
practical significance. The iaithenium-103 
contribution to the total count is Jess than 
ruthenium-106 contribution (for equal num- 
bers of atoms) because of lower counting 
efficiency. The ruthenium-1 03 Contribution 
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decreases with time and may be completely 
eliminated 'by several months decay. Alter- 
natively, the relatively lo^V-energy , betas 
from ruthenium-103 may be eliminated by 
counting the sample through an absorber 
which does not significantly affect the higher 
energy betas from rhodium-106 (ruthenium- 
106).^ , 

Any organic matter present in the sample 
should^ be destroyed by boiling with a con- 
centrated nitric-perchloric acid mixture be- 
fore proceeding with the perchloric acid dis- 
tillation. To prevent explosive decomposition 
.of the distillation mixture, nitric acid should 
be present as long as anj^ unoxidized organic 
material remains. 

Large amounts of insoluble matter in the 
distillation flask m^y cause serious bumping 
and impair the recovery of ruthenium. 

< 4. Apparatus 

4.1 Compressed air, 1-2 psi supply for 
bubbling a-ir through distillation flask. 

4.2 Low-background, counter, an anti-co- 
iticidence-type counter with 2 in. thin win- 
dow flowing gas proportional detector pre- 
ferably capable of measuring both alpha and 
beta activity simultaneously. 

4.3 Burner, Bunsen, small. 

4.4 Centrifuge, capable-of^ accepting 40- 
ml tubes. . . 

4.5 Centrifuge tttbes, 40-ml, heavy-wall. 

4.6 Distillation apparatus. See figure 7. 

4.7 Filter disks, .Tersapore, 47 mm, 5 
micrometer (Gelman Instrument Co., Ann 
Arbor, Mich. 48106). 

4.8 Hotplate. 

4.9 Vacuufn desiccator. 

.4.10 Vacuum-filtration apparatus for 47- 
m&ijfilters. 

5. Reagents 

5.1 Bromide-iodide solution, 1 ml = 10 mg 
Br and 10 mg I : Dissolve 4.7 g NaT and 5.2 g, 
NaBr.ixi 400 ml distilled water. 
- 5.2^ Diethyl ether. 

5.3 Ethanol, 95 percent. 
. 5.4 Hydrochloric acid, concentrated and 
6M. 




A - FLASK WITH GROUND 
GLASS JOINT' (125nil) 

B - HOTPLATE 

C - ANNULAR LEAD WEIGHT 

D HEAVY WALL PYREX 

CENTRIFUGE TUBE (40nnl) 

E - fCE BATH 

Figure 7.— Apparatus for distillation of ruthenium 
tetroxide. / 

5.5 Magnesium metal turnings. 

5.6 iViMc acitZ, concentrated. 
5.7. 'Perchloric acid, 70 percent. 

5.8 Phosphoric acid, concentrated (85 
percent). 

5.9 Ruthenium carrier soZw^ion; Suspend 
5 g of i^rified RuCla in approximately 250 

' ml of 6 M HCl and agitate for Several hours 
or overnight on a mechanical shaker. Filter 
the resulting solution through a fine filter. 
The solution is standardized by direct reduc- 
tion of aliquots with magnesium metal, fol- 
lowed by filtration and weighing of the 
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mixed ruthenium oxide and metal produced. 
Care should be exlercised to dissolve excess 
magnesium with HCl and to thoroughly 
wash the precipitate before, drying. 

5.10 Ruthenium standard: Prepare stSLJid- 
ard deposits of ruthenium-106 on filter paper 
starting with ruthenium Itandard solution 
of 100 pCi in 5 ml. Follow steps 6.12 through 
6.16 in the "Procedure" section. Correct the 
activity determined for decay. 

5.11 Sodium bismuthate. 

' ^ ^.12 Sodium hydroxide, 6 M. ' 

6. Procedure 

6.1 Estimate the volume of sample on the 
basis oi dissolved solids. The volume is se- 
lected to avoid excess precipitiation of salts 
in the evaporation step. The distillation flask 
holds ^ m> without danger of losing sample. 
SamplJ volumes in excess of this are evapo- 
rated to 50 rti\ in a Teflon evaporating dish. 

6.^ Transfer the water ^mple into the 
distillation flask, and evaporate down to ap- 
proximately 5 ml. Add an accurately meas- 
ured amount of ruthenium carrier between 
20 and 30*mg. Record pipet voluihe to 0.01 
ml. ■ : ^ 

6.3 Evaporate ;to less than 5 ml. (Pre- 
cipitation will usually, occur, but the residue 
must not go dry.) 'Pool the flask and con- 
tents. 

6.4 Add the following reagents in order; 
1 ml concentrated nitric acid, 1 ml concen- 
trated phosphoric acid, 2 ml bromide-iodide 
reagent, 0.5 g sodium bismuthate, and 10 ml 
70 percent perchloric acid. Mix thoroughly. 

6.5 Pl^ce the lead-ring weight around the 
flask. Moisten the ground-glass joint with 
phosphoric acid, and attach the delivery ap- 
paratus to the flask. Place the distillation 
apparatus on a hotplate, and immerse the 
end of the delivery tybe in a 40-ml centrnf uge 
tube containing 12 ml of 6 M NaOH. The 
centrifuge tube is kept immersed, in an ice 
bath. 

^ , 6.6 Connect the air supply to the still, 
and adjust the flow rate to a few bubbles per 
second. Heat the flask slowly to the boiling 
point, and then heat strongly to distill the 

O 
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ruthenium. Note: It is best to perform the 
distillation behind an explosion shield. 

6.7 Continue the distillation until the 
dense white fumes of perchloric acid have 
been carried over for a few minutes. Total , 
time required for the distillation is usually' 
20-30 min. 

6.8 Lower the centrifuge tube from the 
delivery tube, and remove the still from the 
hotplate. Disconnect the air supply and al- 
low the still to cool. When cool, rinse the 
contents of the delivery tube into the centri- 
fuge tube with a little distilled water from 
a wash bottle. ' ' , 

6.9 Carefully warm the cfentrifuge tube to 
near boiling over ^ small burner. Remove 
from the flame and add, in small amounts, 3 
ml of 95 percent ethanol, reheating to in- 
cipient boiling after each small addition. It is 
important to swirl the solution constantly,/^ 
while heating. 

6.10 CqoI the solution, and centrifuge to 
recover the precipitated ruthenium oxi.des. 
The sufxfernate should be colorless and may -i 
be discarded. 

6.11 Suspend the precipitate in 10 ml of 
distilled water to which 1 ml of 6 MfNaOH • 
fcaiT)een adde<3. Heat (with swirling) to boil- 
ing. Centrifuge and discard the supemate. 

6.12 Suspend the precipitate in a few mil- 
liliters of 6 M HCl and reheat to boiling 
(swirl- vigorously). Continue heating for a 
few minutes to dissolve all solid material. Set 
aside to cool. ■ , 

6.13 Add about 5 ml distilled water to the 
ruthenium solution; then add small portions 
of magnesium turnings to reduce the ruthen- 
ium to the mixed oxide-metal precipitate. The 
solution may have to be heated to boiling as 
the reaction nears completion (supemate has 
light-blue color) to speed the process. 

6.14 Add (slowly, at first) about 5 ml of 
concentrated HCl, and then heat to 'boiling 
for a few. minutes to dissolve any excess 
magnesium. 

6.15 Filter the suspension through a tared 
47-mm Versapore filter using a vacuum-fil- 
tration apparatus. (The Versapore fi;lter 
should be washed and dried by the same pro- . 
cedure as the sample ^(see below) prior to' 
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taring),. Wash the precipita^jte with three 10- . 
to '30-ml .portions of boilihg water, two or 
three 10-ml portions of 95 percent ethanol, 
and with three 10-ml portions* of diethyl 
ether to dry and, distribute the precipitate 
over the filter pad. ^ ^ - 

6.16 Remove the dry filter and place in a 
heated (100°C) vacuum desiccator for 5-10 
min (no longer). Remove, cool in a desic- 
cator, and weigh. Mount in a ring-and-disk 
assembly, covering the precipitate with a thin 
plastic kitchen-type wrap- 

6.17 Count the sample for ^hree 50-Tnin 
periods in a low-background beta counter. . 

7. Calculations . ^ ^ 

7.1 Ruthenium-106 efficieficy factor (J?) : 
Counting efficiency loY ruthenium-106 is de- 
termined by measurement of the count rate 
of standards prepared ^y direct precipitation 
of ruthenium metal from al,iquots of the 
ruthenium-carrier solution spiked with 
known amounts of ruthenium-106. Rutheni- 
um is reduTied by nietallic- magnesium, fil- 
tered, dried, weighed, and counted as in the 
procedure above. Since recovery is usually in 
excess of 90 percent for the entire analytical 
procedure, the counting efficiency on the' di- 
rectly prepared^ standards /is a reasonably 
accurate measurement of the counting effi- 
ciency of the samples. A typical value is 1.0 
cpm/pCi. * 



7.2 Calculation of ruthenium-106 conceri- 
txation: Use equation 1. The ruthenium re- 
covery factor (/) ijs determined from the 
initial and final weights of ruthenium carrier. 
pCi 1 of ruthenium as ruthenium-106 
^__1000c_ 
KVEf(e-^') 

t 

8. Report 

Report ruthenium-106 values of less thaA 
10 pCi/1 to one significant figure. Values 
greater than 10 pCi/1 are reported to two 
significant figufes. ' i 

9. 4*recrsion 

Typical rutheniam-106 values for the pre- 
cision of this m are ±4 pCi/1 or ±20 
percent, whichever is larger, at the 95-per- 
cent confidence level. 

^ References ^ 

Glendenin, L. E., 1951, Improved determination of 
.^iruthenium activity in fission, in Coryell, C. D., 
Sugarman, N., Radiochemical studies: The 
fission products (Book 3) : New York, McGraw- 
Hill Book Co., Paper no. 260, p. 1549. 
Wyatt, E. I., and Richard, R. R., 1961, The radio-, 
chemistry of ruthenium: Natl. Acad.. Sci., Natl. 
Research Council Nuclear Sci. Ser. NAS-NS 
3029, 78 p. 



Strontiupi-90, dissolved 
Chemical seporation and precipitation method (^H16(h76) 

^ Parameter and code: Strontium-90, dissolved (pCi/l): 1350| 



1. Application 

The method is applicable to all natural 
freshwaters and saltwaters. It is applicable 
to reactor wastes and may be applica]ble to 
industrial*, wastes, provided that recovery 
tests are made to assure that organic matter 
does not hold back strontium'. ' ^ - J 

Summwy of method 

This method is based on the work of Hahn 



ancp^Straub (1955) and of Johnson and 
Eiifwards (1967). Dissolved radiostrontium 
is determined by beta counting after a 
lengthy separation procedure that removes 
other fission products. Stable strontium car- 
rier is added to the sample, and a car- 
bonate precipitation is made to collect 
strontiym-90 accompanied by 3ome fission 
products. The carbonate precipitate is dis- 
solved, and strontium nitrate mixed with cal- 
cium nitrate is precipitated with fuming 
nitric acid. Calcium, is removed by washing 
with acetone, and strontium nitrate is fur- 
ther purified hy solution and reprecipdtation. 

The precipitate may still contain traces of 
fission products such as transition metals, 
rare earths, niobium, zirconium, yttrium, and 
barium. Radium may be present. These are 
all removed by the addition of iron and bari- 
um carriers which are precipitated as the hy- 
droxide and chromate respectively. 

f^inal purification is effected by^pre<;ipitat- 
ing strontium as the oxalate. Yttnum-90, the 
radioactive daughter of strontium-90, has 
been completely removed at this point, and a 
new equilibrium begins. The yttrium isotope 
is^also a beta emitter, and the sensitivity of 



the analysis is improved by counting after 
21 d to allow in-growtb of yttrium-9ft. 

ff strontium-89 is present, it is counted as 
strontcium-90. Approximately 45 percent of 
the original strbntium-89 activity is retained 
21 d after the initial, precipitation. Stronti 
, um-90 may be determined independently b; 
chemically separating the yttriuni-90 daugh- 
ter, and relating its activity back to st^ntj 
um-90. The composition of a mixture o: 
three isotopes, str^ntium-90, str9g|ium-89,' 
and yttrium-90, mayj)e determined approxi- 
mately by plotting the growth of radioactivi- 
ty with time as shown in Johnson and Ed- 
wards (1967)'. 

3. Interferences 

Interferences from both fission pr&ducta 
and natural radioactivity are negligible 
(Glendenin, 1951) . As indicated above, stron- 
tium-89 is counted as strontium-90, 
I ■ 

4. Apparatus 

4.1 Filter disks, 25-mm Whatman No. 42, 
or equivalent. 

4.2 Filtration apparatus for 25-mrn mem- 
brane filters. 

4.3 Hotplate. ' 

4.4 Low-background counter^ an anticoin- 
cidence-type counter with 2-in. thin window 
flowing gas proportional detector prefer- 
ably capable of measuring both alpha and 

' beta activity simultaneously. ' ^ 

4.5 Ring-and'disk mounting assemblies 
; for filters, including 21-mm diameter rigid 

copper backing disks. 
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R«09«fitt ^--^ 

5.1 . Acetic acid, 6 M. ^ 

5.2 Acetone, anhydrous. 

5.3 Aluminum foil, S,5 mg/cm^ or less. 

5.4 Ammonium acetate, 6 M solution. 

5.5 Ammonium hydroxide, concentgated 



and 6 M. 

5.6 Am^mo^iu 



4 

oxalate, siaturated solu- 




\u7ti carrier solution, 1 ml = 3.00 
1.33 g o£ BaCl2-2H20 in 
d4 :^ few dropsy of coh- 
ai^ dilute to 250 ml. 

her. 

5 pel-cent. 

er solution, 1 ml = 5 mg 
bp iti^'of pure iron wire in ' 
aitric acid, and dilute to 

iofi?frf, fuming, concentrated, 6 

Oiphihalein indicator solution- 
UruTt ^ car b orta te solution, 1 M and 

chromate solution, 1.5 M. 

5.15 Strontium, carrier solution, 1 ml = 
4.00 mg Sr+?^: Dry "anhydrous" strontium 
nitrate overnight at ip5°C, and cool in a 
desiccator. Weigh out 9.66 g of the dried 
salt, and dissolve in distilled water. "Add 2 
ml of concentrated nitric acid, and dilute to 
1 liter. A more exacting procedure is des- 
cribed by Glendenin (195k^p. 1461), but the 
added work is not waJTanted unless the 
strontium nitrate contains radioactive im- 
purities which contribute significantly ta the 
reagent blank. 

5.16 Strontium-OO standard solution: 
Strontium-90 standard solutions calibrated 
to ±1.5 percent are commercially available. 
In purchasing standards it is essential that 
the concentration ol* the stable isotopic car- 
rier be known. Dilute the standard to ap- 
proximately 5 pCi/ml as ^escribed by Barker 
and Robinson (1963, p. !a.28). It is generally 
necessary to add both acid and inactive stron- 
tium carrier at the time of dilutioni. The 
final solution should be approximately 0.1 N 
in hydrogen ion (HCl or HNO3) and should 
have a chemical strontium carrier concen- 



tration of /Cl to 10 mg/1. Strontium-90 
standard ^tivity (A), after a decay time 
.(in),, for an. initial activity (Ao), can be 
calculated by use of the following equation: 

-J A = Aoe"V«, 

where 

\ = decay conatdnt of strontium-90 
(1.999X10^^ months-^, and 

i„ = elapsed time (in monthly) between 
certification of standard ^d time 
. 6^ount. \ , 

5.17 Thymoiphthalein indic<itor solution. 

6. Procedure ^ 

A reagent blank should, be run with each 
set of samples to check for contamination 
of reagents, and to permitj^n accurate blank 
correction ^to- be made. Occasional spiked 
samples . (samples containing a known 
amount of added standa^^) shouM also be 
run through the entir^^rocedure as checks. 

6.1 To a l,QOO-ml or other suitable ali- 
quot of filtered water sample in a 1,500-ml 
beaker add 20 mg of strontium carrier (^5 
ml of 4-mg Sr+Vml). Heat'to boiling on a 
hotplate. Make the solution basic to thymoi- 
phthalein indicator (blue color), by ^drop- 
wise additions of concentrated ammonium 
hydroxide, and add an additional 6 ml. 

6.2 Add 15 ml of^l.O M sodium carbon" 
ate. Stir thoroughly, cover the beaker with 
a watch glass, and digest on a steam bath for 
1 hr. Add more ammonium h^flroxide, if re- 
quii4d,ato maintain the blue color of thymoi- 
phthalein. (Add more indicator jf the cplor. 
fades.) 

6.3 Remove the beaker from the steam 
bath, and allow the precfpitate to setJle while 
the solution cools to room temperature. 

6.4 Carefully decant or draw off .as much 
as possible of the supernatant solution^ith- 
^ut disturbing the precipitate. Transfer the 
insoliS)le material to a 50-ml Pyrex centri- 
fuge tube, and police the beaker with 0.1 M 
sodium carbonate. Add washings to the cen- 
trifuge tube. Centrifuge and discard , the 
supernatant liquid. 

6.5 Cautiously add 1 N nitric acid drop- 
wise until the carbonate precipitate is com- 
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pletely dissolved. Dilute to 5 ml with dis-. 
tilled .water. (Note: '^ere may be a small 
residue of silica or insoluble metal oxi^e re- 
itiaihing.) Yery cautiously add 25 ml of fum- 
mg nitric acid (work in the hood, use plas- 
tic gloves, safety goggles or face shield, and 
avoid inhaling the vapors!). Cool, stir, and 
centrifuge. % 
. 6.6 Using the above safety precautions, 
pour off the nitric acid as conipletely as pos- 
sible, cool the tube below room temperature^ 
using cold water or ice bath, and cautiously 
add 25 ml of anhydrous acetone to the resi- 
due. Stir thoroughly and centrifuge, again 
discarding the supemate. 

6.7 Repeat step^.6. 

6.8 Di^aglve the nitrates in 5 ml of dis-, 
tilled waterTanV place the tube in a boiling- 
water bath until the ,©dor of acetone is gone. 
(Caution: be sure acetone is completely re- 
nioved.) 

^ 6.9 Cool below room temperature, and 
^gam/precipitate strontium nitrate by add- 
35 ml of fuming nitric acid. Swirl, cool, 
/centflfuge.ri>iscard the supemate. 
.10 mssolyd thlp precipitate in 10 ml of 
liReir watei\and pdd 5 mg of ferric carrier 
per ml) and 15 mg of 
-mg Ba + - per ml)^ 
Add condejilfrated ammonium hydroxide with 
constant stirring until ferric hydroxide be- 
gins to precipitate. Then add several drops 
excess. Centrif uge^ and decant the supernate 
into a clean centrifuge tube. This operation 
removes the yttrium daughter of strontium- 
90. Record the time and date. 

6.11 Add phenolphthalein indicator, and 
add 6 N nitric acid dropwise until the pink ' 
color disappears. Add 1 ml of 6 iV acetate 
acid and 2 ml of 1^6 M ammonium aceta^je. 
Place the samplestin a boiling- water bath 
and add 1 ml of 1.5. M ?sodium chromate 
w:hile agitating. Leave in the water bath for 
5-10 minutes. 

6.12 Cool to roomj teniperature, centri- . 
fuge, and decant the/supemate into a 100-ml 
beaker. Discard the m-ecipitate. 

6.13 Add 2 ml of concentrated ammon- 
ium hydroxide, ^d he?t to boiling. Add ^ 
m( of saturated aiS xnoni um oxalate solution 
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aud stir. Allow the precipitiate to settle and 
the solution to cool to room temperature. 

6.14 Filter through a tared 25.mm filter 
paper (Whatman, No. 42) supported on a 
sintered gl^s disk of a microanalytical fil- 
tration/assembly.' Wash the precipitate with 
three 5^1 portions of distilled water and 
then stfccessively with small volumes of 95 
percfent ethanol and diethyl ether. Dry in a 

, desiccator. Weigh as strontium oxalate 
monohydrate, and determine the gravimetric 
yield.. 

6.15 Mount the; filter on a copper disk, 
21-mm diameter. Cover with aluminum foil 
(3.5 mg/cm^ less). Store the sample for 
21 d to permit in-growth of yttrium-90 to 
99.5 percent of equilibrium activity. If it is 
desired to break down the activity into the 
three radioactive isotopes, it is necessaryyto 
start the counting within a few days of sj^ 
6.15 so that the decay of strontium-89 and 
in-growth of J*R;rium-90 may be observed. 

6.16 Count the sample for 100 "^ifiin in a 
low-background^ anticoincidence shielded 
beta counter. ^7=^ 

7. Calculations 

7.1 Strontium-90 efficiency factor {E) 
and fractional chemical recovery (/„) : Use 
equation 2. Determine /„ from the weight of 
strontium oxalate. 



dnfn (e-^^) 



(2) 



where 

^ = decay 



constant of .stroritium-90 
(1.999 XlO-^^onth-i). 

7.2 Calculation of stro^itfurtb^ concentra- 
tion: Use equation 1, making the\decay cor- 
rection if necessary. Determine / Xf^m the 
weight 0/ strontium oxalate precipitate. 

l^QOc" 



pCi/1 of strontium-90 = - 



(1) 



KVEf (^-^') 
According to Hahn and Strau^ (1955), 
the chemical, recoveries rang^ from- approxi- 
mately 72 to feo percent. Accurate detenpi- 
nation of chemical recovery requires knowl- 
edge of the natural strontium content of th6 
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sample. .Normally this is less than A mg/1 
and may be neglected! In a few caies, par- 
ticularly wifii waters from an area extending 
through parts of Wisconsin and Illinois, the 
strontium content may equal or exceed the 
strontium carrier added, aird natural stron- 
tium must be determined for the calcula- 
tion of chemical recovery. 

7.3 Calculation of stronti^-90, yttrium- 
90 and strontium-89. The count rate is de- 
termined at intervals over a'timespan of ap- 
proximately 30 d starting as close to zero 
time as possible. A typical counting sched- 
ule thereafter would be at 24 hr, 48 hr, 100 
hrv200 hr, and 4t)0 hr. The count rates are 
plotted S^ainst time, and t^e curve thus ob- 
tained is compared against type curves for 
different isotopic ratios of strontium-90 to 
strontium^-89 (Johnson and Edwards, 1967) 
to obtain the ratio fot^he sample. ^ 



8. Report 

Report strontium-90 equivalent activities 
to ±0.5 pCi/1 or to ±10 percent, whichever 
is greater. 



9. Precision 

Minimum detection level is 0.5 pCi/i and 
this is also the precision at .activities below 
5 pCi/1. At higher ,ftroiitium-90 activities 
the precision is ±10 percent. 
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f ' 1'ritium *' \ 

ii. Liquid scintillation method, Denver lab (R-1171-76) 

i ■ 

Porometers ond codes: Tritium dissolved (pCi/l): Q7005 
Tritium, in woter molecules (Tu): 07012 , 



1. Application 

. ^^The technique is generally applicable ti 
thfe determination of tritium artificially in- 

- troijuced into water by such activities as 
tracer experiments, nuclear power, waste 

^ disposal, and thermonuclear weapons testing. 
The technique is not sufficiently sensitive to 
be applicable to the determination of very 
low natural tritium levels. 

2. Summdry of method 

Liquid scintillation counting is^ based on^ 
the conversion of the energy of .a particle 
emitted by a radioactive nucleus to light ener- 
gy by means of a scintillating chemical. The 
scintillations are detected by a' photomulti- 
plier (PM) tube. The electrical signals from 
^ |he PM tube are amplified and sent through 

simple multichannel analyzer (three or 
four channels at most) where sartfn^nto 
energy takes place. The counts in each chan- 
nel are displayed on a scaler and may be read 
out on paper tape, punched tape, or-piagnetic 
tape. 

Liquid scintillation counting is primarily 
used for the counting of beta emitters al- 
though it can also be used for alpha-emitting 
isotopes. ' 

- * When liquid scintillation counting is used 
. to determine a radionuclide in aqueous solu- 
tion, the water sample is dissolved or dis- 
persed in a large volume of organic solvent 
containing the scintillating chemical. A wide- 
ly used mixture for,, aqueous solutions was 
dioxane-naphthalene containing the scintil- 
lator 2,5-diphenyloxazole (PPO) and a 
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secondary scintillate used to shift' the 
,gth of the scintillations to the most 
sensitive spectral region of the PM tube. 
Much of the tritium data reported iji the 
literaUire vfas determined by use of the above 
scintillati^ajnixture. The dioxane-PPO com- 
bination has been superseded by, proprietory 
scintillators that produce gels when mixed 
with w^ater in proper ratios. The newer scin- 
tillSttJfs have ^ipproximately doubled the 
sensitivity of liquid scintillation counting for 
tritium. Since the composition ' of the pro- 
prietory mixtures is not available, these are 
listed by trade name in the ''Reagent'' section. 
While the mechanism of liquid^scintillation 
counting is not completely Understood, it 
seems clear that the energy transfer is a two- 
stage process, with initial energy transfer- to 
the solvent followed by transfer fropi the 
solvent to the scintillator. Many sub^nces,c 
including water, interfere in the energy 
tran^fCT process to quench the scintillations 
and redilce the count rate. Excessive salt con- 
tent, certain metals, and organic compounds 
quench in varying.degree. Colored substalnces 
^ may quench by light absorption in addltibn 
to interfering with energy transfer. Quench-- 
ing* substances are generally removed ' by 
vacuum distillation. 

The quenching effect of watcjr is compen- 
sated by using a. constant volume of water 
and constant ratio ol water sample to scin- 
tillator mixture in both samples and stand- 
ards. The, count rate of a particular sample 
depends on both wie volume of sample 
the ratio of liqmd scintillator mixture to'^ 
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, water sample. As the fraction of water sam- 
ple in the - water scintillator mixture in- 
creases, count rates increase until a point is 
reached where the quenching effect of the 
additional tritiated water exceeds the effect 
of the increased radioactivity. It is found 
that a practical compromise between maxi- 
mum sample volume, and scintillator volu^ne 
provides optimum sensitivity. Tlje maxini^m 
on the curve . of activity versus volume of 
triti^ated water (in a constant overall vol- 
ume) is a rounded plateau. Therefore, the 
proportion of water sample to scintillatmg 
liquid mixture is not critical and is easily 
"^ep reducible in routine work. 

The permissible ratio of water sample to 
liquid scintillator mix is also controlled by 
physical stability of the gel formed. 

A detailed description of the method is 
given by Schroder (1971). 



3. Interferences 

Distillation is used to remove both quencjh- 
ing substances and radionuclides that could 
contribute to excess count. Distillatio'n is 
fully effective in removing inorganic salts 
and high-boiliiftg organic t^ompounds. -Or-, 
g^nic niaterials that vaporize at a lower tem- 
pejatwe than water and are condensable » 
runder^ the same conditions as water vapor 
may be carried over in the vacuum distilla- 
tion. If* these materials contribute either 
quenching or beta radioactivity the possibili- 
ty of interferetice exists, although it would 
appear remote. 

Further protection againsU^ inte^yferences 
is provided by the ener^gy cHficriminatJon in 
the liquid scintillator analyzer and-tne ex- 
ternal standard-ratio test. 



4. Apparatus 

4x1 Aiitopipet, 257ml maximum capacity. 

4.2 Counting equipment. Liquid scintilla- 
tion spectrometer; counting systems capable 
of meeting the following specifications : 

Counting efficiency — not less\ than 24 percent 
with optimum sample-scintillatoi- mixture and 
polyethylene vials. 

Backj^round — not to exceed 5 cpm at sea level 
in tritium channel. . • 

Sample cap^ity— at least 100 sarp'plesl 



Operation — progrrammable and automatic. 
Internal ch^k — an external standard smd ratio 
computation capabilit;^ required. . . 
^ Readoutr— a^utom^tic .printout. ^ 

4.S Pi^ets, 8 ml. 

4.4 V^inim-distillation apparatics. Con- 
sists of a 50-ml round-bottom flask as the 
distillation flask and a 125-ml |ftnd-bottom 
flask as the condenser fl^sk. ThlRistillation 
flask is( heated with a . rheostat-controlled 
mantle, ^nd the condenser flask dips into a 
Dewar cof?&ining isopropanol-dry ice. The 
two flasks are connected by a 20-mm diame- 
ter U-tube, 10-cm long with ground-glass con- 
nectors and stopcock for, application of 
vacuuni. Heating tape is coiled abound the 
U-tube connecting the two flasks. 

5. Reagents ; 

5.1 Scintillator J Instagel (Packard In- 
strument Co.) for low-temperature counting 
(1°-4°C). A preblended gel-forming 
sdntillator design^ed SATO* (Research 
Products International) for room-tempera- 
turCjCounting. 

5.2 THtium standard solutior^: Appropri- 
ate' standards are prepared by the dilution- of 
NBS standard tritiated water with ''dead'i 
water, that is, water containing less than 1 
Tu. 

5.3 Water, **dead.'^ The tritium^ blank in- 
troduced by reagents m'ustbe tested at inter- 
vals by analyzing "dead" water (water with 
no measurable tritium content) in exactly 
the s^me procedifre as for a normal water 
sAniple. It' is very difficult to confirm that a 
water is truly-^cjead," and it is usually neces- 
sary to make the assumption that water from 
a deep well in a confined aquifer a hundred 
kilometers or more from the recharge area 4s 
"dead." This assumption can be correct only 
if the well is pumped sufficiently to expel all 
meteoric water that may have entered the 
well and surrounding aquifer by leakage. 

6. Procedure 

6.1 Counting. 
6.1.1 Distill 25ml of water sample for. 
direct Countitig, or approximately 10 nil of 
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electrolyzed water sample, using the vacuum^ 
distillation apparatus. The . U -tube is pre- 
heated to assure dryness. 

6.1.2 Pipet 8.00 ml of the dis^llate from 
the preceding step into, a 25-ml polyethylene 
vial, ^nd a^id 14 ml of scintillator mix. The 
choice of scintillator depends on the type of 
liquid scintillation spectroineter to be us^d 
for counting. Instagel is used with ^he in- 
struments that operate at cold temperature . 

. C3''C), and 3A'J0* is used Vith the instru- 
ments that operate at room temperature. Cap 
the vial ancTmix. »Heat the Instag^l-sampl^ 
mixture on ^ iotplate" at approximately 
lOO'^C for 2 or 3^min. This clarifies the mix- 
ture. The 3A70*-sa,mple mixture does not re- 
quire heating. The above operation' is carried 
out under subdued red light to filter out the 
blue region of the spectrum. This minimizes 

' excitation, of fluorescence bacfkground in the 
sample. 

6.1.3 Prepare three » blanks an^ two 
standards in'' the same manner a|| the ^m- 
ples. Place one standard in tifie 2d counting 
position in the spectrometer and one in ^he 
10th position. Place blanks at intervals 
throughblit the run of 10-14 samples. 

6.1.4 Place thr^e sealed standards (tri- 
ated toluene in glass-sealed scintiH^toV solu- 
tion) in the group. One standard^oes in the* 
first counting position to permit monitoring 
the insllrument before counting the'^samples.. 
The remaining sealed standards are' placed 
near the bla'nks: ^ * 

6.1.5 Allow prepared sampiesHo remain 
in th^^'daW' in the liquid scintillatiorlsz^ec- 
trometer foVseveral hours before countihg 
begins. This aUows decay of fluorescence and 
chemiluminescance. A minimum of 8 hr 
standing is rfquirej with Instagel and 12 hr 
with 3A70* 

6.1.6 Count each vial five times for 100 
min. Total cfounting time for one sample is 
500 min. -Counting time is rtduced for very 
active samples'. One million counts is cutofT 
setting, 

6.1.7 Program the instrument to per- 
form the external -standard "'ratio analysis 
on samples, standards, and blanks at the 



end of the counting r\in (see instrument in- 
struction manual) . This procedure is,a check 
for quenching/ The ratio of Jow^nergy. 
counts in channel A of the spectrometer is 
Established for both tritium and ^n external 
standard placed near the sample vial. The 
value of R in the following equation ^hoyld 

be constant to within ±0.2. . , 
A. 

r Counts in A , 1 

^ = '77 ^ . tritium 

L Counts in B " J 

^ r Counts in B' 



^ L Counts in^y 
IndiVl'dual samples that fall outside^, this 
range must bje reanalyzed. If all valuG^ of R 
fallTouteide this range,^ the sciritillatdr "has 
deteriorated and must be replaced. 



standard 



•J 



Iculqtions''' v • 

leveral statistical schemes haVe been pre- 
sented for the calculation and verification of 
tritium data, each intended to optimise a par- 
tl<j'ular analytical situation. In the present 
analytical procedure the repeated countiilg 
of individual samples' has the effg^ of aver-^ 
aging out short-term ^uctaatfCB^Statistical 
checks have shown that highest precision, in 
this analytical' situation, is attained -by the 
use of longer temi awrage values for the 
^mples and standards. ^ 
Counting eflftciency and background values 
are determined with tHtium standaiJlswhen-' 
ever a new lot of scintillator is used. Count- 
ing-efficiency data and background data from 
standards a\id blanks run withxeafth set are 
also determined. The n^w data jroki. each set, 
are averaged into the data from the preced- 
ing sets, thus creating a moving average 
value for counting efficiency and background. 
As new efficiency and bacltgroUnd data ap- 
pear they displace older data entered into the 
moving average. Data from four or five valid 
runs (no quenching or oth^^berration) en- 
ter into the moving aVerage'used at any given 
time. . ^ . ' ^ 

7.1 Tritium efficiency factor (E). Use 
equation 2: ' ^ ^ 



dn(e-^'n) 



(2) 



66 



• TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 



= average count rate of standard 
(cpm) Qprrected for background 
and blank, 
= disintegration rate of standard^ 
(dpm), corrected for blank (S 

= decay constant of tritium (4.685 

xlO-^ mpnth-0, < 
= elapsed time between certification of^ 
the standard and time of count in 
same units as <fe 
where * . 

^ S = moving average count rate 
(cpm) of the standards, and 
= moving average count rajte 
(cpm) of the blanks. 

7.2 Calculation of tritium concefitration : 
Use equation 1. The chemical recovery- factor 
(/) i5 an^ enrichment factor when electro- 
lytic enrichment is applied ' to- the sample. 
Since elfectrblysis is not used the value of / 
v^is unityf * " ^ 

'1,0000^ 

pCi tritium/1 = -^7777777: — (1) 
J 



KVEf(e-'^) 
where i/ is electrolytic enrichment factor de- 
termined by standard included in the run, 

^ cpm/ml after electrol^^iQ 
cpm/ml before electrolysis 



7.3 C^version of tritium * concentration 
in pCi/1 to tritium uni^. Tritium concentra- 



tion i 



8. Report 



pCi tritium/1 
3.22 



Concentrations in both tritium units and 
picocuries pef liter are reported to Wo sig- 
nificant figures down to the minimum detec- 
tion level (MDL). The 'latter can onl^^be 
estimated because of the very pronounced 
effect of^titude j>n the background, count. 
At sea level the MDL is estimated ^af 60 Tu, 
and at 5,000 ft (1,500 m) itns estim^^ted at 
150 Tu for the direct count method. 

9. Precision - 

^ ^ ^ ' ' ' ' ■ . ^- 

.Precision is dependent on altitude m the 

same way as MDL. At 500. Tu reproducibility 

is approximately ±20 percent. Precision im- 



^es with increasing concentration. 
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Tritium 

Liquid sdntillation method, Restore lab (R^n73^76) 

Parameter dhd codes: Tritium, dissoT^^^ (pCi/l): 07^05 
Tritiuhi, in water molecules (^^ 



1. Application 

The technique can be used directly to an- 
alyze waters containing more than 60 Tu 
(190 pCi/1). Many natural-water samples 
contain less than 60 Tu so the tritium in 
such samples is normally enriched by elec- 
trolysis (method R-1 174-76) before they are 
analyzed by this technique. 

The direct liquid scintillation counting 
method, while useful for analysis of the tri- 
tium introduced into water by rainout in 
some samples, is primarily used for measur- 
ing tritium introduced in tracer tests and . 
tocally by nuclear power and waste disposal . 
facilities. * - - V 

2. Summary of method 

Liquid scintillation counting is based on 
the convers^n of the energy of a particle 
emitted by a radioactive nucleus to. light 
energy by means of a scintillating chemical. 
The scintillations are detected by a photo- 
multiplier (PM) tube. The electrical signals 
from the PM tube are amplified and sent 
through a two .or thj-ee channel analyzer 
where sorting by energy ranges tak^s place. 
The counts in jeach cTi^nnel are displayed on 
a scaler and are printed and (or) read out 
on punched tape or magnetic tape. In order 
to minimize spurious counts, from cosmic 
radiation or electrical noise ijiherent in the 
PM tubes themselveg, for example, two PM. 
tubes are used to detect the scintillations. 
The twQ tubes are operated in concidence, so 
that only if a scintillation event is detected 
by both tubes simultaneously is a signal sent 



on to the ^J^^^gY^ an^ilyzer and scalar cnr 
cuitj*y. ' ' ; 

r When li(J^^^ scintillation counting is. used 
to determin^ ^ radionuclide in aQUeouS solu- 
tion, the x^^^^f sat^pie is dissolved or dis- 
persed in a '^^ger Volun^e of organic solvent 
containing scintiHatinjg chemical. A 

widely used ^ixtui-^ for aQUeoUs solutions 
was diox£i^^®"^aphth^ilene containing the 
sointillator" ^'^-diphenyloxaZJole (PpO) and 
a secondary. ^ci?*itiator used to shift the 
wavelength the scintillations to the most 
sensitive sp^^^»l ^^gion of the PM tube. 
M;uc1? early tritium d^ta y/sis determined by 
use of the ^^^ve scintillation mixture. The 
dioxane-Pp(? Con^bijj^tion has been super- 
^^ed^ by pjr^^Prietory scintillators t^at pi?o-' 
duce gels vv^^^®^ n^iXed with ^ater in proper 
ratios. The ^^^^er scintillators have apt>rox,i- 
mately doutiJ^^ the Sensitivity of liquid scin- 
tillation doO^^ing for tritium. These solu- 
tions gener^l^i^ incl^je ian organic solvent 
^toluene or ^^lene,;^or example) in which 
the scintillator is (Jiggolved* plus a strong 
liquid deter^^^t to Prornote emulsification be- 
tween the s^^&le Water and the scintillator- 
containing o^^^nic Sojvent. 

Since th^ ^>cact co^nposition of the pro- 
prietory xtxii^^^^eS is n^>t available, these are 
listed by tr^^^ name in the reagent section. 

'Whil^ th^ ^echajiigm of liquid scintilla- 
tion, counting* is not completely understood, 
it seems cl^^^ that ener^ transfer is 
a .two-stag^ ^roce^g^ Mti\ initial energy 
transfer to solvent followed by transfer 
from the s^^'^^nt to the .scintillator.^ Many 
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sabstances, inj?ltlding water, interfere in the 
energy transfer process to quench the scintil- 
lations and Tj^dce the count rate. Excessive - 
salt content, certain metals, and organic cofn- 
pouTids quench in varying degree. Colored 
substances may quenqh ' by light absorption 
in addition to interfering with energy trans- 
fer. Quenching substajices are generally re- 
moved by yaguum distillation. ' 

The quenching effect of water is compen- 
sated by using a constant 'volume of water 
and constant ratio of water sample to scin- 
tillator mixture in both samples and stand- 
ards. T^e count rate of a particular sample 
"depends on both the volume of sample and 
the ratio of liquid scintillator mixture to 
water sample. As the fraction of water samj; 
i)le in the water scintiU^tor i^xture 
cineases, count rates incre^sejintn a point 
jgiched where the queiAhm§^ effect o£ftl;ie 
itional tritiated water es^jfeee^s the effect- 
;he increased radioactivity. It is found 
a practical compromise between^ maXi- 



greaj 



V ^ munt sampli?'^* 

sample 
; total volu 
f ectijig thfe cou 




and scintillator vojume 
l^sitivity. TJ^I^r-^'^ _ 
s^tutflfn^firt a :constam 



Vary slightly without af- 
characteristics, of^ the 
miij^Thus optimally sensitive Ifiixes Can be^ 
produced in routine work. 

The permissible ratio of wa^er >s^ple to 
liquid scintillator rmy^ is -also controlled by 
physical stability of the 'gel "formed. A de- 
tailed description of the method is given by 
Schroder (1971), and the counting cha^rac- 
£eri»tics and thermal stability of various 
water-scilitillator solution mixtures are 
given in the manufacturers* iitei:ature. 

3. Intei^rences 

Potential interferences ' come from other 
radionuclides or queuc^hing substances pres- 
ent in the sample. Both types are removed 
by vacuum distillation 6f the sample before 
preparation of the counting mixture. 

A rare ground-water sample may contain 
radon-222 in an amount large enough tdr per- 
sist in the sample even after distillation. 
Some radon decay is codnted in the tritium 
energy channel and leads to spuriously high 



results. Radon has a short half-life (3.8 d) 
and its presence i^ obvious from a decline in 
fcount.rate while a sampU is counted over a 
period of several ^lays or a week. 

A radon-containing sample can" be puri- 
fied by distilling it to remove anyj parent 
radium-226, allowing the sample' tio stand 
for 3^ weeke for the radon, to decay, and 
redistilling before counting to femdve. the 
radon daughter lead-210. 

The analysis of tritium in highly radio- 
active samples, such as those from nuclear 
facilities may be confused by the presence 
of oth^f adioactive noble gases, particularly 
kry^n^S and argon-41. Rhinehammer and 
jirger 01^73) discuss techniques for 
ErTtium analysis in the presence of concen- 
tration of other radioisotopes much higher 
than found in natural samples. 
. Samples prepared for counting by elec- 
trolytic Enrichment are normally free ^ of 
radioactive or quenching interfering sub- 
stances. / 

4^1 C punting equipment, liq^d scintilla- 
tion spectrometer, with two PM tubes, oper- 
ating in coincidence minimum of two chan- 
nels for pulse-energy analysis; automatic 
sample changer;tminimum 100 samples; con- 
stant temperature chamber^ for PM, tubes 
and shield and sampte changer, adjustable^o 
as low as 0°C; readout deviee(s) to paper 
for visual irispection /of , results and to 
punched tape or other automatic data proces- 
sing (ADP) compatable form fo^ data trans- 
fer to computer for . final calculations. 
Optional : automatic external ' standardiza- - 
tion by channels-ratfo method for quench de-^ 
termination. Properly prepared samples do 
not differ in quenching^ and this determina- 
tion is unnecessary. The presence of th^ ex- 
ternal standard source near the counting 
chatnber may ajid additional* background. 

Counters as received from the manufac-^ 
,tiirer will not normally be gidjusted for/ 
optimum counting of water /mi;crares, . and 
before routine tritiUm measurements ari& be- ' 
must be carefully adjusted Jn the laboratory 
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Adjustments are possible to^ PM-tube 
high, voltage ; amplifier ^ain ; energy an^z- ' 
ing channel limits ; and (by a manufacturer's 
A-epresentative) the time interval in which a 
pulse in one .PM tube is taken as Simultane- 
ous wiWi a pulse in^he other and sent on to 
the analyzer cir^itiyT^^ 

The type of afiritillator solution and opti- 
mum water to i^utioHnratio of the counted 
.mixture must alsS be chosen, and the count- 
. ing-chamber temperature set as low as i>os- 
-sible to minimize PM-tube noise without 
causing the counted mixture to separate or 
freeze. ^ ^ 

"the utility of a liquid scintillation spec- 
trometer for low-level counting is deter- 
mined by its background count rate ajid.its 
tritium-countirig efficiency. A frequently 
used counting mij^re consists of 12 ml 
H2O sample plus 13 ml Insta-Gel (Packard 
Instrument CpO, in a polyethylene' vial: 
Presently available (1976) commercial 
counters are capable of counting this mix- 
ture, with efficiences of 20 percent or greater^ 
. and backgrounds of 3.6 cpm or le^s. Older 
instruments^ with efficiehces as low as 12 
percent and backgrounds as high as 3.8 cpm, 
may also be satisfactory, but will req.uire" 
longer counting times. " 

\4.2 Coiintirig t^zaZs/ commercial, screw -cap 
n6lyethlyene liquid scintillati(5ii couiiting 
yvials, with caps with reflective liners. 

4.3 Vacuum-distillation apparatus. 

4A Miscellaneous glassware, pipets for, 
preparing counting mixtures, standard solu- 
tions, and so forth. ' ? 

4.5 Analytical balance. > ^ 

" 5. Reagents 

^5>1 Scintillator^ commercial solutions for 
•(^cpuhting water mi;?ctures, such as: Ins"ta-Ge1, 
Packard Iijfitrument Co. ; Ready-Soln, B|e<:k-' 
man Inst#un||nt Co. ; Scintillator 
search ^^oducts International; Scinti Verse, 
Rishe^cientific Co. ; Aquasol, Nuclfear AssV 
ciatcfs; or ScintillAR, MaIi;ikrodV*CheritKal 
Co. . 1 / 

5.2 Tritium standard solution: Appro- 
^ priate standards for determining counter ef- 
ficiency are prepared by the dili^ition of NBS 



standard tritiated water with "dead" water, 
that' is, water'contiining less thap 1 Tu. A 
standard' containing 50 to 100 dpm/ml tri- 
tium (7 to 15X10^ TuVis ad^uate. 

5.3 Water, "de^d^, Water with no meas- 
urable tritium ("deafly water) is required 
for determination of courfter-backgrjound^ 
rate and for dilutiob of standard tritiatei^ 
water. It is very difficult to confirm thaf a 
water is truly "dead," and it is> usually neces- 
sary to make the assumptijbn tnat water from 
a deep well in a confined aquifer a hundred 
kilometers or more from the recharge area 
is "d^ad." This assumption can be correct 
only if the well is pumped sufficiently to ex- 
pel all meteoric wat|pr that may have entered 
the well and surrounding aquifer by leakage.^ 

6. Procedi^re 

6.1 Distillation. San^ples enriched by 
electrolysis are distilled iji the final jpt^ of 
that procedure and require no furth^^eat-/ 
ment before preparing the counting mixfaire.^^ 
All other samples, must be vacuum distilled 
before preparing the counting jnixture. 

6.2 Counting. Samples are counted in 
sets, (Bach requiring about 1 week of count- 
ing. A set typically includes, 1 standard, 1 
or 2 blanlcs (backgrounds), and from 7 to 
15 samples. The numbjbr of £(amples -per set ° 
depends on tritium content. Low-tritium 
samples require longer counti ng tim es, a,n^-^ 
so fewer can be counted per^week. 

Menjibers of ^ count set a^prepared to- \ 
j^eth^r and in the same way. The proper/ 
volumes of sample, standard, , or "dead" 
water is pipetted into a tared counting viaj 
and its mass detgrmined to ±0.01 g. The 
scintillation solution^is then added by^anual 
or au'topipet. The water to scintillator solu- 
tion ratio must* be constant within a count 
set for the optimized counter set^ngs. If suf- 
ficient sample volume is not a^ilable, fol- 
lowing ^ectrolysis, for example, the mass of 
sample in the counting vial is nrst meaisured, 
then "dead" water added to bring the total 
water volume to that required by the counter 
settings. * 

The- vials are capped and the contents 
thoroughly mixed. Heating the mixture to 
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40'*-6P^C pronidtes emulsification, but is . not 
necessary. The set is then ..placed in the 
counter sample chknger for at least 24 hr 
"before counting? l)egins to reach thermal 
equilibrium and for chemiluminescence (if 
• any) to decay. 

Members of each set are counted sequen- 
tially >for a preset time (40 to 100 min) or 
until a preset number of counts (5,000 to 
10>00b) h^ve accumulated. The counter then 
records tne sample number, count time, and 
counts accumulated,'^and moves the next sam- 
ple intojposition. After the last sample^ the 
sample changer returns to the first sample 
and the cycle repeats. 

If the automatic external-standardization 
optioil on the counter is used,, the standard- 
ization is done at the end of each count on 
each, sample and the results recorded befose 
changing to the next sample. 

,Th^ total time requirei'for counting k 
sample is determined by i^Vtritium content 
(see sec. 7*3 bel6w)^ If a sef contains several 
high-tritium samples, these can* be removed^ 
mdividually when they have counted long 
enough, and counting of the remainder pf 
the set continued. 

7. Calculcftions 

7.1 Tritium counting efficiency (E). Use 
equation 2: 



Cn 



d.(e-^^)xK/ 



(2). 



where 

r 



c„ = average count rate of standa^rd 

(cpnH) above background (S-B), ^ 
d„ = disintegration rate of standard 
' , " (dpm/g), 

y„ = mass of standard counted ,{g), 
x = decay constant of tritium - (1.534 
X10-* d-0, 
= elapsed time between certification 
'of the standard and" time of 
count in same units as A, 

where 

iS = average couri^t rate (cpm) of 
the standard. in the set, an(| 



S' = average count rate (cpm) of the 
blank (s)„ (backgrounds) . in 
the sel. ' ■ ' . . , , 

7.2 Calculation of tritium concentration. 
Use equation 1 : . 

C / 



Tu = - 



(1) 



KVEf (e-^O ' 
where 

O^average '' sample 'count 'rate above 

background (cpm), 
y=mass of sample water counted (g), 
£7 = counting efficiency, from equation 2, 

rcpml . 

LdpmJ 

/= electrolysis enrichment factor. For 
samples counted directly, /=1 
(for calculations of / for elec 
trolyzed samples, see method R- 
1174-76), 

X = deqay constant of tritium (1.534 
X10-* d-0, . 

i = time elapsed between sample collec-. 
tion date and date counted, ilv^ 
same units as A, and 
if =7.1^X10"'^ dpm/g Tu. 

^ 7.3 Calculation of tritium counting error. 
The error term which accompanies tritium 
results is, calculated, such that there is a 67 
perce'nt probability that the- true tritium 
content of the sample is in the range of the 
reported value ± the error term. 

Errors of tritium analyses are due pri- 
marily to the uncertainty inherent in any 
attempt to Pleasure the rate of occurence 
(count rate) of a random, process (radio- 
active decay) . For a C9unt'' rate, i?, the 
standard deviation .<r = i?/^, where t is the 
total count time. Errors in counting both 
the samplie and background are included in 
the' net .sample count rate C, above. That 
is, rf C = S-B, . ; 



,/ 2 2 



(3) 



In sets counted as described above, the count- 
ing time for background and sample are^ilie;; 



same, so^equation 3 can be written : -» 



<rC = v'(C + 25)/f. 



(4) 



ERIC 



METHODS FOR DETERMINATION OF RADIOACTIVE SUBSTANCES 



71 



The^relative 'errbr, or precision of the count 
rate measuremem isi :^ ^ 

Thus equation 4 shows thalr^^^^^c^ pre- , 
cision increases^ (aC/C becomes smaller)^ 
with longer count time, or, ^or a fixed count, 
time, increases with higher sample counii 
rates (a higher tritium-counting ^oijii^cy., 
or a ^.higher sample tritium concentration) 
or with a lower background count rate. 
^ In addition "to the count-rate error, small 
errors are associated with each of the other 
terms in equation 1, and the reported (tt„ is 
calculated 'with the expression 

(5) 

There are also errors associated with the K 
and (e~'^0 terms in equation 1, primarily 
due to uncertainties. in the knowledge, of the 
tritium half-life, but they are negligible for 
most purposes. 

Because Tu-error calculations are tedioi|||^ 
and complicated, they are done by computer 
from the counting data punched or other- 
wise directly recorded by the counter. 



8. Report 

Tritium errors are reported to two sig- 
nificant fijfu^s or to the nearest 0.1 Tu, 
:^\vhiohever is larger! The tritium result 'it- 
sej*^^ repo r^d to the same number of Sig- 
nificant figures. 

Tritium data /'ace-^^requently required in 
' pGI^ ^l^f nQ^sin in Tu. To^ concert, use the 
^^c^ression : "V • 

^ PCi tritium/1-3.2 Tu. ' - 



9. Precision 

The precision of tritium analyses varies 
with sample tritium content and with labora- 
tory configuration and location. The one 
standard deviation (la) error is reported * 
with each result. The calculation of this 
error is described above (sec. 7.3). 
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■ Tritium 
Electrolytic eni^chment^ri quid scintillation method, 

Pejnver lab (R-n72-76) 

Porameters and codes: Tritiun^clissolyed, (pCi/l): 07005 
Tritium, in water molecWIes (Tu): 07012 
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i. *Ap()lication' 

Gas counting^ preceded by electrolyttxren- 
fichment is thjfef mbst sensitive analytical 
nietliod for tyitiuni and is applicable down to 
concentrations in the range of 1 Tu. With 
very careful control of ambient laboratory 
tritium levels, arid a valid blank based on; 
"dead" water, it is possible to apply the meth- 
od to waters as low as 0.2 Tu. Where gasr 
counting equipment is not available or where 
a lower detection limit of 25 Tu iS^atisfac- 
tory, electrolytic enrichment followed by 
liquid scintillation counting permits the anal- 
ysis at lower concentrations than by liquid 
scintillation alone (method R-1171-76). The 
technique also may be applied to saftiples hav-, 
ing high concentrations of nonvolatile radio- 
activity contamination such as strontium-90, 
because the^ sample preparation steps elimi- 
nate Solid materials. 

— -^he tephriique is generally applicable to 
determine tritium introduced into water by 
rainoiit and to measure natural levels of tri- 
tium in surf a*!^ wat^fc/The technique is not 

I sufficiently sensitive f(yr the determination of 

/ very low natural tritium levels. 

2. Summary of method 

When it is necesary to determine tritium 
at a lower concentration, with improved ac- 
curacy, than is available in the liquid scintil- 
lation method (R-1171-76), an electrolytic 
enrichment step is introduced ahead of the 
liquid scintillation counting. The electrolysis 



t^hniques were introduced by Kaufmahn 
and Libby (1954). 

, Electrolytic enrichment is parried out by 
adding sodium peroxide (forms sodium hy- 
droxide), followed by carefully cpntrolled 
electrolysis in specially designed cells. The 
cells of Ostlund and Werner (1961) are uWd. 

isotopic fractionation factors are im- 
proved by operation at low temperature. 
Hence, the electrolysis is carried out while 
the cell^re partially immersed in a cold bath 
maintained at^ a temperature just above 
freezing. 

The percentage of recovery of tritium in 
the electrolysis is a complex func1;j2Il of tem- 
perature, current density, and electrode sur- 
face reactions which arcf^t fully understood. 
Practical systems have be«i developed which 
achieve 70-80 percent recovery of tritiun^in 
electrolysis from approximately 500 to 10 iby 
More extensive electrolysis provides grQaJxr. 
enrichment but lower percentage of recovery .~ 
Jphe reproducibility of recovery between 
"trolyses is approximately .3-4 percent under , 
normal conditions. . 

Liquid scintillation counting is based on 
the conversion of the energy of a particle 
emitted by a radioactive nucleus to light 
energy by means of a scintillating chemical.' 
The scintillations are detected by a photo-; 
multiplier (PM) tube. The electrical signals/ 
from the PM tube are amplified and sent 
through a simple multichannd analyzer 
(three or four channels at most) where sort- 
ing into energy takes place. The counts in 
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eac^ channel are displayed on a scaler and 
may be read out on paper tape, punched tape, 
or magnetic tape. 

Liqtuid-^cintillation counting is used pri- 
marily for the counting of beta emitters, al- 
though it can also be used for alpha-remitting 
isotopes. , , 

When liquid scintillation counting, is used 
to determine a .jradionuclide in ^aqu^us solu- . 
tion, the water sample is dissolved or dis- 
perse'd in a larger volume of organic solvent 
containing the scintillating chemical. A wide^ 
ly used mixture for aqueous solutions w'as 
dioxane-naphthaien^ containing the scintil- 
lator 2,5-diphenyloxazale (PPO)*and a sec- 
ondary scintillator used to shift '.the wave- 
length of the scintillations to the most sensi- 
tive spectral region of the PM l^ube. Much of 
lihe tritium dat# reported in the literatures 
was determined by use of the at^ve scintilla- 
tion mixture. The dioxane-5PO combination 
has been superseded by proprietory scintil- 
la^tors that produce gels when, mixed with 
water in proper ratios. The newer scintil- 
lators have approximately doubled the sensi- 

^tivity of liquid scintillation counting for tri- 
tium. Si ncu> the composition of the proprie- 
tory mixtures is not available, these are listed'' 
by trade name in the '^Reagent" secli^n,. 

While, the mechanism of liquid scintilla- 
tion counting is not completely underst€)od, it . 
seems clear tha^he energy transfer is a two- 

- stage process, with initial energy transfer to 
tl^e solvent followed by transfer from the sol- 
vent to the scintillator. Many substances, in- 
cluding water, interfere in the energy-trans- 
fer process to Quench the scintillations and 
reduce the count rate. Excessive salt content, 
certain metals, arid organic compounds 
quench in varying degree. Colored substances 
may quench by light absorption in addition 
to in;terfering with energy transfer. Quench- 
ing substances are generally removed by 
vacuum distillation, r ' , 

The quenching effect of water is compen- 
sated by using a constant voKime of water 
and constant ratio of water sample to scin- 
tillator mixture' in >oth samples and stand- 
ards. The count rate of a particular sample 
depends on both the volume of sample and 



the ratio bf liquid scintillator mij^ture to 
water sample. As the frafetion of water sam- 
ple in the water-scintillator mixture in- 
creases, count rates increase until & point is 
reached where the quenching effect of the 
additional tritiated water exceeds the effect 
of the increased radioactivity. It is found 
that ^ practical compjjpmise between maxi- 
mum sample volume and scintillator volume 
provides optimuin^^ensitivity. The maximum 
on the curve, of activity versus volume of tri- 
tiated watgr (in a constant overall volume) 
is a rounded plateau. Therefore,. the propor- 
tion of water sample to scijitillating Ifquid 
mixture* is not critical and is easily, rseprp- 
dupible in routine work* 

The permissible ratio of water sample 
liquid scintillator mix is also controlled b 
physical stability of the gel formed. , 

A detailed description of ^the mpthod is 
given by Schroder (1971). 

3. Interferences 

There are no interferences in the analyti- 
cal meth^wh^n electrolysis is included. Dis- 
til latiqfa^s usM to remove broth quenching 
^ubstan^^and radionuclides that could con- 
tribute ^WA^xcess counts. Distillation an^i 
electrolysis are fully effective in removing 
in^^rganic salts, high-bcnling organic icom- 
pounds, and gaseous Va!dioisotdpes. Krypton 
arid all other gases are'' stripped out in the 
electrolysis owing tq prolonged bubbling of 
ox'yfesft-and hydrogen- through the sample. 

Further protection against interferences.- 
is provided by the energy discrimination in 
^the liquid-sdfntillatbr analyzer and ^he ex- 
ternal standard-ratio test. 

4. 'Apparatus 

4.1 Autopipet, 25-ml maximum capacity. 

4.2 Counting equipment Liquid scintilla- ^ 
tion spectrometer; counting systerri^ capable 
of meeting the following specific^tibnfe : 

Background — not to exceed 5 cpm at sea level 
in tritium channel, . 

Counting efficiency— not- less tlmn . 24 percenV 
with optimum sample-scintillator mixture an^ 
polyethylene viaJs. . — ^ 
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Saoiple capacity — at least 100 samples. 
Operation — ^procrrammable and automatic. 
Internal check — an external standard and ratio 

computation capability required. 
Readout — automatic printout. 

4.3 ElectrolysiJtunit. Contains the follow- 
ing components: ^ r ^ 

. 4.3.1 Electrolysis cells. See figure 8. The ^^^^jtle and the condenser flask dips into a 
Ostlund cell has a mild-steel cathode (where ^^.^X containing isopropanol-d^y ice. The 



4.4 Pipets, 8-ml. 

4.5 Vacmim-distillatio7i apparatus. Con- 
sists of a lOO-ml round-bottom flask as the 
distillation flask and a 125-ml round-bottom 
flask as the condenser flask. The distillation 
flask is heated with a rheostat-controlled 



reductioil of hydrogen isotopes occurs) and 
stainless-steel anode. The glass envelope is 
designed to attach directly to a vacuum-dis- 
tilfation apparatus. ' ' ' ' 
' • 4.3.2 Power supply, direct current, at 
least e^amperes at 30 volts. . - ' 

4.3/3 Freezer, floor-model, large enough 
to hold tf^ rows of five electrolysis cells. 

. 4.3.4 Exhaust lines, to vent the explosive 
mixture of oxygen an^ hydrogen gener^ed 

.... 




two flasks are connected by a 20^mnl diame-. 
ter U-tub^, 10-cm long with grouM-glass con- 
nectors and stopcock: for application of 
vacuutT^v Heating tape is coiled around the 
U-tube<K>nnecting.the two flasks. 

5. Reagents ^ 

Z.l Scintillator, Instagel (Packard Instru- 
ment Co.) , for low-temperature counting 
(l''-4°C|r)^ A preblended gel-forming scLnlil- 
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Figttre 8.— Osmund electrolysis cel{. 



lator designated*^. 3A70* 
ucts International) for 
counting. ' < 

5,2 Sodium peroxijde, reagent-grade. 
5.3. Tritium standard soljftioru Appropri- 
ate-standards are pr^ared^b^rCnb dilution of 
NBS standard tr^tfated water with **dead" 
water, mat is, water containing less than 1 
Tu.,. \ ^ ' 

5.4 Water, ''dead": The tritium blank in- 
troduced by reagents and leakage during 
electrolysis m^st be tested .at. intervals by 
analysing **dead" water (water jwith no 
measurable tritium content), in exactly the 
same procedure as for a* normal water sam- 
ple. It is very difficult to confirm that a ^^ater 
is truly "dead,''^and'it is'usually necessary, to 
make'the assumption that Abater from a deep ^ 
well In a^onfijied aquifer a hundred kilome^ 
ters or ^ more from the recharge area is 
"dedd." This assutnption can be correct only : 
if the well is pufnped sufficiently to expel all ' 
meteoric water that may have entered the 
well and surrounding aquifer by leakage. 

6. Procedure 

6*.l Electrolysis. (In electrolysis and all 
other, stepiBlfcat-dried glassware is used.) ^ 
6.1 A "ufstill 55-ml volume" of water sam- 
ple in the vacuum-distillation apparatus. The * 
unit is evacuated before use^ and the wateA * 

■ . ■ • • t 
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sample is protectiftr^om atmospheric mois- 
ture during distillation. Distill to dryness. 
RecQj^ery is usually slightly les^ than the 
original volume' because of water of hydra- 
tion remaining in the salts rej^idue^arid drop- 
lets on the walls of the apparatus. The triti- 
um fractionation attributable to nondistilled 
water is insignificant. 

6.1.2 Transfer the distillate/lo a clean 
and dry Ostlund electrolysis cell (fig. 8), add 
0J5Jg of sodiunj^perokide, add 50 ml of the 
*3istilled-water^ample, and stopp^the cell. 
An argon atmosphere is maintained in the 
reservoir to eliminate^contact with atnjos- 
pheric moisture. 

6.1.3 Prepare a blank sample .(**dead'', 
water) for**electrolysis using the above pro- 
cedure. Prepare a standard for electrolysis 
(200 Tu is a convenient concentration range) 
using the above procedure. 

6.1.4 Set up one blank, one standard, 
and four samples in series in the electrolysis 
bath. A^rger number of samples mJfc^ be 
used yif sufficient voltage is available fc'om 
the Electrolysis power supply. The triWjmi 
eriricVmient for one group of samples is detei 
mined\y the enrichment of the standard in 
series ^th the group. / - 

6.1.5t^Proceed ^ith/the electrolysis after 
samples have been tooled in the co^ chest. 
The temperature ofahe ethylene glycol-water, 
coolSht bath is maintained at 0°C throughout 
th^process. Electrolysis* from SOlml: to ap- 
propriately 10 ml using 4-ampere current, 

6.1.6 Neutralize the highly caustic solu- 
tion in the cells to peA^it full recovery of tri- 
tium aad to avoid mechanical and, corrosion^ 

► problems in subsequent step^. Disconnect a 
-cell front the electrolysis line, and while pro- 
tecting from the atmosphere insert a dis- 
posable pipet through the hole in the TeflorT 
sp^<i^. Bubble^carbon dioxidQ through slo^ 
ly.^,M)out*5 min and 1 liter of carhan dioxide 
are required to compl^ ne.ut^ization. A 
precipita^ of sodium carbonateporms. ^ 

6.1.7 Distill the neutra^M sample into 
a small tared Pyrex bulb using yacuum-dis- 
tyiation apparatUs\^T^e sampjj^is^ooled (but 
not frozen) in liquid^nitrogen. Attach the 
still-liquid sample to the inlet of the distilla- 



tibn apparatus and" apply vacuum. The 
sample first bubbles to release trapped gases 
and tlien freezes. 'Apply a heat lamp or heat 
gun tp distill the ,|ample into the liquid- 
nitrogen-cooled receiving bulb. \^eigh the* 
bulb after completion of distillation to deter- 
mine *the volume of the water saniple 
collected. ^ 
6.2 Counting. 
* 6.*2.1 Pipet 8.00 mt of the distillate from 
the preceding step into a 25-*ml polyethylene 
vial, ai^d add 14 ftil of scintillator mix. The 
ch^e of scintiirator' depends qix the type of 
liquid scintillation spectrometer* to be used 
for couiiting. Ihstagel i? used with the instru- 
ments that . operate^ at cold ..temperature 
(3°C) and 3A70* is used with the instru- 
meuts that operate at room temperature. Cap 
tlie viaL a^d mix. Heat the Instagel-sample 
mixture on a hotplate at approximately 
106°C; for 2 or S-min. This clarifies the mix- 
ture.- The 3A70*-sample mixture does not 
require heating. J*he above operation is car- 
ried out under subdued red light to filter out 
the blue region.vof the spectrum. This mini- 
mizes excitation of fluorescence background 
in the sample. • /. 

6.2.2 Prepare three blanks aftid two 
stand^ds in the same.mann^^r asftj^e sam- 
ples. :^lace one standard in the 2d^unting' 
position in the spectrometer and one in the , 
10th position. . Place, blanks at intervals'; 
throu^out th^run of 10-14 sam^gs. 

6.2.3 Place three sealed standards (£ri- 
ated toluene in g^s-sealed sdjitillator solu- 
tion) in the droup. One stanctei^d^oes in the 
first countin/ position to permit monitoring 
the instrunfent befrfre counting the samples.*' 
The r^Jiaining sealed standards are placed 
near the, blanks. 

6.2.4 Allow pi^epared samples to remain, 
in the dark in the lic[uid scintillation spec- 
tromieter for several^ hours before counting 
begins. This allows decay fluorescence and 
chemiluminescence. A fnipimujrn of*£«8-hr 
standing is required with Instagel and 12 
hours with 3A70*. ' ^ 

6.^2.5' Count' ea^ y^five times for 100 
min.* Total counting time for one sample is 
500 Jnin. ^ ^ • * 
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6.2.7 Program the\ instrument tp jJer- 
form the external-standard ratio analysis on 
samples, standards, tblanks at the" end of 
the counting run (see instrumen]tvtnstruc- 
tion manual). This procedure is a check for 
quenqhing. The ratio low-energy counts in 
channel A of the spectrometer is established 
for both tritium and an external standard 
placed near the sample vial. The value of R 
Jn the following equation should be constant 
lb within ±0.2. 



r Counts in A 



in B 



L Coun^ 



tritium 



] 



Counts in B 



I — — — T- standard . 

L Counts in A ' J 

Individual samples that fall outside this 
range must be reanalyzed. If all values of R 
fall outside this range^ the schitillator has 
deteriorated and must be replaced. 

7. Calculations - * 

Several statistical schemes have been pre- 
sented f6r the calculation and Verification of 
tritium dkta^ each intended to optimize a par- 
ticular ^analytical situation. In the present 
analytical procedure the repeated counting 
of individual san:i^^s has the effect of aver- 
aging out short-term fluctuations. Statistical 
checks have shown that highest precision, in 
this analytical situation, is attained by the" 
use of longer t^rm avera2g:e^ values fQl^he 
samples and standards. ^ ; 

Counting efficiency and background values 
are detertnin(^ with tritium standards when- 
i^ver a new. lot of scintillator is used. Count- 
ing-efficiency data and background data from 
stand^iqds and blanks run with each set are 
determined. Thg, new data from each set 
are averaged into the data f rem th^ preced- 
ii^ sets, thus creating a movii«^ average 
y^lu^ for counting efficiency and bisBcground. 
As new efficiency and background data ap- 
pear they displace older data entered into the 
moving average. Data from four or five valid 
runs (no quenghing or other aberration) I en- 
ter into the moving avei-age used at any 
given time, 

7.1 Tritiifm efficiency factor (E). Use 
equation 2 : 



Cn 



dn(e-^^) 



(2) 



where 



Cn — < 



tn 



average count rate of standard 
(cpm) corrected for background 
and blank, 
disintegration rate of standard_ 
(djpm), 'corrected for blank (S 

decay constant of tritium (4.685 

XlO-^ month-^), 
elapsed time between certification of . 
the standard and tinie of count In 
same units as A, 

where 

S = moving average count rate 
_ (cpm) of the standards, and 
-8 = moving average count rate 
(cpm) of the blanks. . 

7.2 Calculation of tritium concentration: 
Use efluatiorl 1. The chemical, recovery fact^^r 
(/) }s an enrichment factor When electrolytic 
enrichment is applied to the sample. 

' . 1,000c ^ 

pQg^ritium/l = - 



(1) 



KVEfie-^^) 
where / is electrolytic enrichment factor de- 
termined -by standard included in the run, ^ 
^ cpm/nil after electrolysis ' « 

cpm/ml before electrolysis* 
7.3 Conversion of tritium concentration 
iri pCi/1 tobdtium units/ ^-^^^^^/^ 

pCi tntium/1 



3.22 



Tritium conc!entrationnnTu=r= 

/ ^ ■ 

8. Report 

"^Concentrations in both tritium units and 
picocuries per liter are reported to t\^Q sig- 
nificant figures down to the minimum detec- 
'ti^n level (MDL). The latter can only be 
estimated because of the very pronounced 
effect of altitude on the background count. 
At 5,000 ft (l,50a,m) it is estimated at 25 Tu 
for the Jiquid scintillation counting of an 
electr^lytically enriched sample. 

9. Precision ^ * 

:ision is depefident .on altitude in the 
same wWas MDL. At 500 Tu reproducibility 
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is approxima^ly ±20 percent. Precision iifi- 
proves with increasing concentration and is 
improved by efectrolytic concentration of 
samples with lower tritium concentration. 

Reproducibility for samples enriched by 
electrolysis is> limited by the reproducibility 
« of electrolysis (approximately ±3 percent) / 
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^ ' : ' Tritium \^ 

Electrolytic enrichment— liquid, -scintillation method, 
i Reston lab (RH 174-76) 

Poraifietdrs ond codes: Tritium, dissolved (pCi/l): 07005 
Tritium, in water molecules (Tu): 07012 ^ 



• r ■ / - ■ ■ 

1. ApplicatiQn / ^ 

The limit of detection of ^itium m the 
lifluid scintillatiori counting * method/ (R- 
^173-76) is aboul; 60 tu (190 .pCi/l]r/Many 
^''STn^ace-water ^nd tripst. ground- water sam- 
ples^ contain less j than 60 'fu/^nd caniaot be 
analyzed directly. Concentfation bf the trfti-, 
um in low-tritium samples by electrolysis be 



^ « 4.- « K i « A o^- f ii«f;«« ^^.^\^^ — ^ded to the. cell from^the reserv6ir as elec 
fore counting by liquid scintillation permiur . i . 

the analysis of water's containing as little L T^^olysis proceeds; 



. rXu (3 pCi/1). . 

2. Summary of method * ' 

When water is decomposed to H2 and 
^ gas by electrolysis there is a strong isotope 
fractionation effect which results .in the 
he^ier isotopes ^tritiMni in particuilar) M^- 
concentrated in the\remaining Liquid' 
phase. Under the propei^ conSttions, r^overy 
of more than 70 percent of the init^l iJritiunI 
is'ppssible. Thus, if a samplers reduced from 
" 500 ml to 5 ml by electrolysis, the tf iiiuifi: 
the residual %ml will have been concefTtriated 

5()0x0;7' . 
by at least: — =70 times^When s^h 

an elect'rolyze^ samj^le is counted using the 
procedure^ -described in method R-1 173-76, 
tritium levelk as Idw as 1 Tu can be detiected. 
yrThe eiectrolyjsis procedure used is es^n- ^ 
tially that described by Ostlund artd_ Werner^ 
(1962). The sample, after distillation, is " 
made basic .\yith ^adil.jor Na.Or and., elec- , 
troiyxed in glaj^s cells (Ostlund cells) with 



nickel and soft iron electrodes. (See fig.. 8, 
•method R-^1172-76, for diagram of electroly- 
sis qelL) During operation, the ^eljs^are kept 
at 0°-l°C toJmprove 'electrolytic tritium -re- 
covery and to minimize^ loss of sample bjr^ 
ev^pojifetion. A maximuin of 100 ml is elec- 
trbiyzed in the cell. If larger saniples are to I 
be ^lectrolyzed', the sample is periodically 



Electrolysis proceeds at 6 amperfes until' 
less than 25 ml remains. Then the current isr. 
reduced in Jkteps to as low as one-half ampere 
as' the remaimng.v,olume' decreases to the de- 
sired 5-ml finall volume. Electrolysis from ^ a * 
starting volumeW AOO ml requires about 4 d. • 
Fallowing electrolysis, th& sample water is ^ 
separated f {*om the electrolyte by vacuum 
distillation and is theri^?rea*dy to be counted. 

Electrol3(sis is performed in sets of cells 
connected in series t6 a constant voltage,"cur^ 
rent-liniiting power supply. Each seL iiicl 
giail'Se^^ stapd^rd, a blank,, ii^^f 

f 4ffo%Usg4n]^es. / ' . ■ "" ■ • 



3 >^nttt 

' Sampl 




stilled before and after elec- 



trolysis, a^d.are thoroughly gas-stripped by 
the Ho and O2 produced ^uring the electroly- 
sis itself. Thus all potential intei^eriijig sub- 
stances afe effecti(rejy removed, ^nd no radio- 
-active or other interf^entesVremain in the 
•sample ready for counting. ^ * ^ 

yhoor^ajpr i^rfj^rence-w tri- ^ 

t|um^ anaJ^^iS^ by tritium it- 
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self. TKe electrolyte may contain tritium, or 
the sample rfiay pick up tritium during exces- 
sive exposure to the laboratory atmosphere. 
To minimize contamination, it is important 
£hat sources of tritium above lev^ naturally 
present in the air ^ rigorouslS^xcluded; 
from the laboratory ^/These ^o^yi]M|Bin61^id€^ 
luminous watches anasuch high-^ircTm sam- 
ples as may result from tracer tests. . ^^ 
Sample3 of **dead"; water should be* run 
through the entire electrolysis and countings 
* process as blanks to monitor contamination 
^ and to permit corrections to be iQade to, the 
final reported tritium content' (see section 
below) . ' . ' 

4. Apfioratut " ^ 

The apparatus^ required is the same as that 
^ described in method I^t-I 173-76 with the ad- 
' dition of the following : 

Osthtnd electrolysis cells. (See fig. 8, meth- 
od R-1 172:^76.) 

j Vactium-distillation apptxratus, (1) for 
predistillation> capable of handling volumes 
iip to 500 m^l,- and (2^ ibr distillation: after, 
electrolysis, capabld of^Kandling from ^ to 
10 ml. ' ' - ' 

Freezer for cooling electrolysis cells. 



5. Reagents , 

As specified in» method R-1 173-76 with 
the addition ^f the following : ' 

Electrolyte, NaOH or NazOz- 

Electrolysis standard, a tritiupi standard 
solutrbn prepared as described in method 
.■R-ll73-7i6, sec. 5.2, and Containing about 1 
dpm/ml. « H 

6. Procedure ' 

^Perform electrolytic enrfcliment as de- 
scribed in sec. 2 above, theiy^follow procedure 
described iri method R-117S-76. j 

7. Calculations 

7.1 ^Enrichment factor. The enrichment 
factor, /, required to calculate the sample trr^ 
tium content '^from the * count data (see 



method R-1173^76) is calculated using equa- 
tion 1: ' 



(If 



where • ' ' 

Fo = volume of -sample ^efore electrolysis, 
volume of sample fallowing electrol- 
ysis, and * . ^ 
p = the separation factor. ; 

The electrolysis standard with e3.ch set is 
counted ^ if it were a sample and its tritium 
centent determined. Then : 

^'"''tTo 




;u/=Tritium content of electrolysis. 

standard after electrolysis, " 
Tuo = Tritium content 6f 'electrolysis 
standard' before electr6lysis, and 
• Afd- standard enrichment fajjtor/ . ^ 

The standard enrichment facW is then 
substitiUt^d for "(" in equation 1 land is 
calculated'for the-get. 

7.2 Calculation of /tritium concentration. 
Calculate tritium "concentration in the sami^le 
iriithe manner descriped in method R-117&- 
76. 

8. Report ' ^ 

Rejport as described in method R-;;1I73~76. 

9. Precision , • ' 

Thei:e 'are uncertainties in e^ch of -the 
terms in equation l/lea^g to /. These are' 
the weighing errors in Vo and F/, and^ya^ia- 
^l&^s in^the eleprolysis process itself giving 
rtbe to variaticjns in^.'E^rience suggests 
that the-one standard delation, error of f 
X<yf/f in equation 5, method"R-U73-76) .is 
about 5 percent. . ^ ^* 

' There ia/also terror a^oc^ted with the 
value^'of^he blanicVhich is usedStp correct for 
sampl^^contamA by reagents and ex- 
posure in the lalioratory. U'n'der favorable 
conditions^ tha error in the brarik may t^e^as 
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small as ±0.02 Tu (Ostlund and others, 
1974) ^ In routine work, th.e error in the 
blank is taken as equal to the valuie of thle 
blank correction 'itself — usually from 0.1 /to 
0.3 Tu. Thus, although it is sometimes possi- 
ble to count a sample to a precision of^jn^i 
than O'.l Tu, the real precision of routine ffu^^ 
tium analyses is limited by the blank error to. 
±0.1 to ±0.3 Tu. 
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Uranium, dissolved / 
Fluorometric method-direct (Rrn80--76) 



Parameters and codes: Uranium, dissolved (ms/I): 22703 

Uranii^, dissoired (pCi/l): 8001Q 



1. AppUcafioo 

*'jTh0 method is suitable for the determina- 
tii^ of uranium . in norisaline' waters 
mg/J didsdlved solidsX. in which 
rtiujm fluorescence js qiienched less thaii 30 - 
Indent., If x^uenching exceeds 30 percent, it 
rai^vis^ble Jt> uses, the extraction m^od. 
The- 'tetter methpd is m^ich more time con- 
sumLrig. af heref ore^ it is usual practice • to 
apply the direct fluorimetric method as a first 
stfep unless previous analysis jo^samples from 
a-partidular area has •si|f>wn.thaH;he simple 
approach is not possible. 

V The minimuijh detection limit varies^^Vith 
the properties of thd sample, flux, and fluori- 
paetfer, but is nor^ially 0.3 /xg/1. 



Summary of method 

The flu6rimetric jTvethod of determining 

^i^^ium is among the most sensitive and spe^ 
cific of 'analytical methods. The intense fluor- * 
escence of qraiiiumi when fused in a sodium « 

"fluoride-sodium carboriate-potassium carbon- 
ate flux'is uifrlized to determine quantitative-' 
ly the amount of uranium present in the 
sample. In its simplest form the analysis is. 
carried oiit.by fusing a dry. residue of tTie 
evapQrated-wate'r satrjple in fluoride-carbon- ^ 
ate flux, allo^^g this\to solidify into a small 

:di^,^nd determinilng t^e flupregfence under 
ulliiJ^tet lilght in a reflection-ty^e fluorime^ 
ter. ^Bmomium, r copper, manganese,' ^nd 9. ; 
few other elements 4n water quench the fluor- 
escence in' varyiiig degreef When the 

•qWnching elements are in relatively low con- 



centration, quench-compensation techniques 
may be used. When quenching elements are 
present in relatively high concentration, it is 
necessary to purify the uranium by extrac- 
tion. This technique is d^cribed" a's "Fluoro- 

. metric metWid— extraction procedure" (R- 
1181-76). • ' ' ^ ' 

" Although the fluorescence of fch^ sample is> 
directly proportional to the uranium ooncen-';' 
tratioii (disregarding quenching effects X, it 
is not possible to*^ use a constant calibration 

- straigbt-line plot ofi fluorescence against con- 
centration. This is a result of ^varigtion in 
properties between batches of flux, variatjpns 
in the' flu3d?ig temperature, possible surface - 
oxidation dunng fluxing, a^nd variatipns . of 
uraniumr iinpurity in diif erent batches olflux. 
The aboye effects are minimized by rujSaing 
uranium standaids 'A^th each set of. samples 
so that a new ^^libration of concentration 
against fluor esc€fhc.e is made linder the condi-. 

, mhs existing f or'^h set' of analyses. 

The materials u^ed ^or the preparation of 
the^ flux always,^contain a small amount of 
uranium. Fluorescence, from this source p})is 
reflected light not absorbed by tlie. filters in^ 
the'fluorimeters make up the ''blank. The 
fluorescence component .^of ihe blaik is sub- 
ject 'to quenching *while -the reflectance com- . 
ponent. is not. The blank for a highly^ 
quenched Sample is, therefore, less than the;^ 
blank for a >ampleyXith . relatively Tow. 
queii(ching. A graphiioal' method 'of compen- 

• sating for this effect oA^e l)fank;value.was 

'-developed by Thatcher and Barker (1957) ; 



84 TECHNIQUES QF WATER-RESOURCES INVESTK5ATI0NS 

The following jnetnod is similar to that 
jiescribed in Water-Supply Papei- *1696-Q.« 
(Barker and others, 1965) for the determina-^ 
iim. of tiranrum in nortsaline water. . 




. DfrecT'spectral interference's not a^px 
lemMn the fluA'ime^ric method. Cadml 
fluoresce? in high carbonate flUx disks at ap- 
proxi(nately tte same Wavelength as uranium 
- iBooman and'Rein, 1962, p. 102), but inter- 
ference from this source is unlikely in most 
. natural wateip. High cbncfentrations of "salt 
cause difficulty in the preparation of the flux 
disks. The quenching . effect of transition 
metals has been cited above.' 

4. Apporatut 

4.1 Crucible tongs, platinum tipped for 
holding hot platinum dishes. 

4.2 Fluorirneter, A reflection-type instru- 
ment ,of high sensitivity^ equipped With a 
sample carriage to accept small disTc-shaped 

' ,so^id samples is required. The sample cavity 
should be approxim^^tely 35 mm in diameter 
and 5-mm deep» Instructi6ns;>.herein pertain 
to the Jarrell^Ash Model 2&4>00 instrument, 
but any fluorimeter that fulfill^ the above re- 
quirements^may be used. ^ - ^ vt- ^ 

4.3 FttsioTi apparatus. The rotary 'f usiCj 
niaqhine developed by .S'feevens arid ^\)xp 
(1959) and modified by Barker and others^: 
(1965) is u^ed (fig.. 9). A rotating sample 
carriage is mounted above a ring of burn^i;;^. 
and /is slowly revolved during the fusion to^ 
assure that each -sample receives t!he sanie* 

' heajting. The samples are contained in plati- 
niim fusion dishes resting on quartz rods. 
The fusion ui^it is tilt^ apprgximately 30° 
during part.ofthe fusion 90 thai^,molten 
^washes the sides of the fusion dishes to sweep* 
down any sample residue th^ may adhere 

* The design of the burner must ,be adapted to 
local gafs composition and pressure to obtain 
the'^optim^u'm temper;^ture. ; 
^ A A Fusion dishes! ^f^e dishes are ^fabri- 
cUted of platinum to a shallow-dish^ shape 
that provides maximum exposure of sample 
disk surface (f6r.high fluorescence sensitivi- 




A -ROTATING SAMPLE TABLE 

B - QUARTZ RODS^TO^HOLD 
, ; ' PLATINUM DISHES ^ 



C - RflfG BURNER 





D - SHEET METAL HOUSfNG 

■ > ■ ■ ■: 

E - 'GEARED MOrOR 

. »i , . ^ 

LEVER FOR fNCLINING ' 
BURNER 20° . J ' 



Figure 9.— Stevens# cipparatus for fusion and mixing 
, . of sample 'and fiux in uranium' determinationJ ^ 

ty). compatible with adequate thickness for 
strength (fig. 10).'The,orounding of the bpt-' 
torn -peftnits easy repioval of th^^Aolidified 
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; DEPTH AT RIM r 10mm 
DEPTH AT CENTER - 12mm 

Figure 10.— Platinum dish for use in Stevens ap-. 
paratus. ' 

flux disk. An identifying number is stamped 
into the lip of each dish. 

4.5 Infrared drying Zamps." Dual 250-watt 
infrared drying lamps in a protective metal 
shield are moun^^ff^n a ringstand for vari- 
able heat adjustment. 

4.6 Micropipet, 50-/zl capacity, Eppendorf 
■ type, for:.adid)tion of uranium standard: 

4.7 Mill ^A 5- to 6-liter Pyrex glass-jar 
mill .containihg 15 cm by 2.5 cm cylindrical 
Lucite rods is used* to mix the flux. 

4.8 Pipets, volumetric 1-, 2-, 3-, 4-, 5-, 6- 
and IQmnh 

4.9 Polyethylene jars^ wide-mouth, 4-liter 
screw-capped, for storing flux. 

5.1 Chrortiium solution, 1 ml = 30 /xg Cr: 
' Dissolve 0.085 g of KjCrjOr in distilled water 
and dilute to 1,000 ttil. Weight and volume 
me^r4^ents' need notbe ei^TC^^^ 

5:2 Copper solution, ! ml=60 >g tSu: Di^- 
solve/«.236 g of 'CuSo4-5H2p in' distilled 
water and djlute to 1,000 tnl. Weight and^ 
-vblumif measurements need not be exact. 

5.3 Jdanqtinese solutjfin, 1 ml=j=207tg Sin: 
Dissolve 0.081 g of MnSo^ ^HaO in distilled 
water and filiate to. 1,000 ml. Weight and 
Volume measurements need not be exact. 



5.4 Sodium fluoride solution, 1 ml = 0.01 g 
NaF: DissoJ^e lO g of dry sodium fluoride in 
distilled watet^ and dilute to 1,000 ml. 

b.b Uranium standard solution I, 1 ml 
= 100 ^g U: Dissolve 0.1773 g of reagent- 
grade' uranyl acetate dihydrate in approxi- 
mately 500 ml of distilled Water. Add la ml 
of concentrated nitric acid and dilute to 1,000- 
ml in a volumetric flasks Store in a Teflon 
bottle. 

5.6 Uranium standard solution II, 1 ml 
= 1.D0 /zg U: Dilute 10.0 ml of uranium 
standard solution I to l,00a ml with distilled 
water. Store in a Teflon bottle. 

5.7 Flux: Using anhydrous powdered re- 
agent-grade chemicals, weigh out 910 g of 
Na.COa, 910 g of K^COa, and 180 g of NaF, 
and rough-mix in the glass- jar mill using a 
large porcelain spatula, or Lucite rod. Add 
the small Lucite rods, stopper tightly with a 
polyethylene st^per, place the j^r on the 
mechanical rollers, and dry-mix overnight.' 

6. Procedure 

6.1 Determination of flux constants : It is 
necesary to determine r (the fraction of re- 
flected light in the blank) and / (the fraction 
fluorescent light in the 'blank) for each 
,tch of flux. These "flux constants" are used 
for all analjises made -with the given batch of 
flux. Two calibration curves are prepared as 
shown in figure ll.^The calibration "curve X 
is prepared with pure uranium solutions idnd 
the calibration , curve Y is prepared with 
dfanium solutions conl^ainirig a constant 
J^^ount of quenching agents The two^urves 
intersect '(P) at a negative uranium concen- 
tration. The intersection of the curve X with , 
the fluorescence axis is point A,- the un- 
o quenched blank. The intersection P of X and 
Y is point B, the reflected light. The fraction 
of. reflected ligli^is B/X and the fraction 
of 'fluorescent lig™/in blank reading is 
I'-r. ' » , ^ 

The procedure is as follows J 
6.1.1 'Measure 1 ml of sodium fluoride 
^solution and the follc^wing volumes of urani- 
um- 8tai;>dard ^solution II (microburet) into 
platinum fusion dishes. ^ 
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• / Solution II 

Biahea {ml) 

1 and 2 . 0.000 

3 and 4 - .020 . 

5 and 6 . . .040' 

7 ,and 8 -^^^^-^ .060 

9 and -080 



rn 70 

o 






2 




* ■ » 


5 60 






LU 
























LU 






m 40 






'§30 


















^ 20 














1 1 


1 1 1 



^ ' .02 .04 .06 .08 .10 
• URANIUM CONCENTRATION (iJg) 

X-FLUORESCENCE (UNOUENCHED). 
Y-FLUORf SCENCE (QUENCHED) 
A-FUUORESCENCE BLANK (UNOUENCHED 

- Plus REFLECTED' LIGHT) 
BrHEf^l^ECTED LIGHT 
PvlNTEBSECTIOr/- POINT** 

. Figure 11.— Uranium calibration curve. 

6.1.2 To the even-numbered dishes, add 
1 ml of chromium ^solution. . 

6. l.S Evaporate the solutions to dryness 
uhder the infrared lamps. Do not 'permit the 
Samples to bake a^ this can result in loss of 
uranium, although the sodium fluoride ad- 
ded as .the first step minimizes loss by over- 
heating. . 

6.1.4 Fusion procedure: To each of the 
dishes atld 2 g of the flu^f fixture. Spread 
and bank t^e^flux with a glass rod so that 
any. solids on the vertical wa:lls of the dishes 
will be covered. 

- 6^1.5, Place the dishes on the 'rotating 
table of the Stevens fusion apparatus, ihd 
incline i^ by operating the positioning lever. 
Ignite the liurner ring, adjust to maximum 
heat, an (1« heat the dishes unt'ir'the flux is 
completely jnelt^d., This requires about 5 min? 
AlloW the fusion table to. rotate iT\ the in- 
clined, position for ^n additional 2 -min. Re- 



turn the table to the level, position,- and con- 
tinue heating the melt/for an additional 3 
min at the same temperature. - . , 

6.1.6 Turn the heat controLto the inter- 
mediate ^^setting and heat^'at this tempera- 
ture for* 3 min.* . - 

6.1.7 Turn to the low setting and" heat 
for 3 min. Turn off the bumie.r and allow th^ 
dishes to cool for* 8 miji with the fusion 
table still rotating. Finally^ place th^dishes 
in a desiccator, and cool for at least 30 min 
before measuring fluorescence, m 

6.1.8 Measurement of fluorescence: The 
following instructions apply to the Jarrel- 
Ash fluorimeter. Modify if other iluorimeters 
are used. Allow the instrument to warm up 
30 min before use. ; - 

6.1.9 Set the fluorimeter reading to zero^ 
using the zero-adjustment knob.* Push the 
empty sample tray- all .the .Way in>''-dej}ress 
•the, X. 01 kej^^nd adj'usf to z6ro -using the 
screw adjustment. -R^ove the blank flux 
disk from the platinum dish by inverting it 
on a clean t)iece of ^paper. Plaice the disk in 

e fluorimeter tray and push into measur^ 
ment position. Depress the X.l key and ad- 
just, the sensitivity s6 that a, reading. of 10 
(o'n.a scale of 100) is ob^ined for the blS^nk. 

6.1.10 Remove the blanfc disk and re- 
chefijt the zQro "setting.' Use a soft-bristle* 
brush to remove any particles sloOghed into 
the sample tray from the preceding disk. If 
the .zero needs readjustment, repeat step 
6.1.9 until the empty holder readings is zero ^ 
>vhen the blank reading is 10. The **fluores- 
cence" reading of the empty holder is minim- 
ized by painting ^with a colloidal gr^^He 
mixture sUch as Aqua-dag. This must dry 
before use. Eepainting is required at inter- • 

6.1;11 Read the fluorescence of the 
.standard and ^inple disks ul|^g the X.l 
sc^le, if possibly,, or Xl and XIO scales if 

•needed. . . 

t, . . •. 

6.1. r2 Plot the fluoresceace of the disks 
as a, function a'f the weight of^uranium Cfig. 
11) . "Draw the ;,best straight* lines X and Y 
through the 'sets of points for the quenched 
and uriquenched-di^ks. Detennine B, A, and 
r and / as above. ' • 
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6.1.13 Repeat the calibration substitut- 
ing 1 ml of, manganese solution for the 
chromium solution. 

6.1.14 Repeat the calibration substitut- 
ingTirml of copper solution for the chromium 
solution. 

6.1.15 Average the values of r and / 
determined for the three quenching el.ements 
as above. These mean, values of r and / 'are ^ 
used for all analjrjses using this batch 'of flux. 

6.2 Analysis of the water sample. , 
6.2.1 Four samples may be analy»zed 
simultaneously using the Stevens fusion ap- 
paratus with 20 positions for samples, when 
analyses are run in duplicate. One milliliten 
of sodium fluoride solution is addled to l the 
20 platinum dishe's. Two dishes .serv« as 
blanks. StailBarSliranium (04)6 /ig> is added 
to each of two dishes. Four I'-rpi^ aliquots of 
each sample are pipetted inljo four dis^#s. 
Standard uranium (0.06 fig) h abided to two 
of them. V [ 

6.2.2^ Proceed with the analysis as 
steps 6.1.3 through 6.1.11 above. 

v' " . ~ " 

7; Calculations v ' ' 

7.1 Determine the' quenching f^tor? Q, 
fo^ eaclji sample frsim the equation: ^ ^ 

• C-B A/„ 
where ' • 

Q^ratio*" of uranium fluorescence 
undef quenching contiitions to 
the fluorescence under naquench, 
for a given^ sample, 
.^A = niean' fluorimetejr reading of un.- 
' i spiked,> samples, / . - 
B==mean flu^pj^eter.reading of .blank 
• / ■ diska^'- :■ : . ^. 

C = mean ffuorjniet^r readingoT stand- 
ard disks, ' • . . 
- 'Z) = mean fluorinaeter reading ^of sam- 
ple disks containing uranium 
-/ spike, 

- ^ a7, = fluorescence increment * of spiked 
sample, angl . . 

' A/„ = fluorescence Of the standard. * 
Note that the equation applies only^ when 
the amount of 'uraniiim spike the sample 
. ik equal . to uranium in the staftdard. 
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7.2 Calculation of the corrected blank 

» 

value fsr each sample: The blank value to 
b^ usea with an individual water sample 
must be son\ewhat less than the blank meas- 
ured instrumentally on the^ pure' sodium . 
flUorlde-sodium carjDonate disk because, of 
qaienching in the water, sample of that por- 
tion of thle Blank value contributed by uran- 
ium impurity la tJ^e flux. Since a blank that 
represents conditions, ifi' the sample cannot 
be tfreparedy it is necessary to calculate the 
blank value '^r each sample on " the basis^ 
of the blank measured for the disk of pure 
.fluoride-ca^onat^ flux. The contribution of 
reflected light to the blank' i's-assumed to be. * 
th« same for the sample disks and the pure 
flux disk. The calculation is simply :r> ^' 

where - , 

S.,== sample blank. ■ \, 

S/=pblank obtained , with disk of pure 
/■ flux, I • 
/ / J- fraction, of fluorescent light for 
" the batch of .flUx'^used; 
' r = fraction of reflected light for the 

batch of flux used', ^nd ^ 
Q is defined in ^(^tioih7.1. 
•^^7.3 Concentration^'- of ilranii^m in . 
sample: This is dalcul^ite'd using equation: 



the 



g/1 of U = — 



Q 



"ri.oodn 



where i - ' ^' 
S=?= micrograms of uranium in -^the 
"standard, and 
*. V = sample volume in ml and the other A"^; 

terms are as defined in sections' 
■■• .7.1 ^nd 7.2. 
If it is known from previous. experience V 
with water from a particular source that 
the quenching factor Q is always greater ^\ 
than 0.7 (quenching less tharf 30. percent) / 
it' becomes .possible to omiV the determina- 
tion of Q and contbine eqiiations under ... 
and 7.3 to obtain the following aimpliffedr^ ^' 
expression ; i , ■ 

' S(A-SJ 
-^g/1 of U = 



4 



A/, 



1,0601 
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8 .^•port 

Report concentrations less than 1.0 fig/l 
^to one significant figure. Above 1.0 /xg/1, re- 
port two significant figures. Occasionally the 
radioactivity is reported in pCi/1. The con- 
version factor is 1 /xg=0.33 pCi when only 
the radioactivity of urani,nni-238 is con- 
sidered. Natural uranium contains 0.72 per- 
cent of uranium-235, and normally uranium- 
238 is considered to be in equilibrium with 
an equal activity of uranium-234. The con- 
version factor IS 1 /xg = 0.68 pCi' when all 
three isotopes aiffe included. 

' 9. Precision 

Precision is ^^g^roximately ± MDL or ±15 
percent, whicHev^r fs larger. The MDL is a 
function of queriching, fluorescence intensity 
of the- flux, and uranium impurity in the 
flux. It may be as low as 0.1' /xg/1 with a 
sample, having no significant quenching an- 



alyzed with a relatively pure flux, and as 
high as. 0.5 /xg/1 when a highly quenched 
sample is analyzed with a flux having rela- 
tively high uranium impurity. Under aver- 
age conditions the MDL is 0.3 /xg/1. . . 
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Uranium, dissolved 
Fluorometric method—extraction procedure (R-1181-76) 

Parameters and codQs: Uranium, dissolved i^ig/l): 80020 
Uranium, dissolved (pCi/l): 80015 ^ 



> J. Application 

The method is. applied to water samples 
where the reduction of uranium fluorescence., 
by quenching exceeds 30 percent (as deter* 
rhined in **Fludrometric method — ^direct" 
(R-1 1180-76) ), the concentration of total ' 
dissolved solids exceeds approximately 10,000 
^ mg/1, or a minimum detection" level fower 
than 0.3 fig/l is desired. . , 

2. Summaty of method 

Uranium is*separated from^quenching ele- 
ment and excessive salt concentration^ in a 
two^ep separation procedure developed by 
Smith an J Grimaldi (1954). Uranium is co- 
precipitated/ is uranyl phof phiiie, on alumi-^ 
num phosphate from a large-volinne water 
sample. Several quenching elements, are .car- 
ried down by the-precipitate. Final purifica- 
tion is made by dissolving the phosphate pre- 
cipitate in dilute^tric" acid and extracting 
with ethyl acetate or ethyl ether in the pres- 
ence "of a salting agent. The organic solution 
is evaporated to dr^esalin a platinum dish, 
and the fluorescence is- determined after fu- 
sion of the dry residue*^ in sodium fluoride- 
sodiiim carbonate flu*. 

Barkej arid others (1965) mqdified the 
^ procedure slightly and,e\6a4uated tjie applica- 
tion to natural waters. The present procedure 
uses magnesium nitrate (Hellman and Wolf, 
1952) to '*salt-out" Dranium from the nitrA 
acid solution of the precipitate into the eth]^ 
ether pliase. The magnteium salt is slightly 
more effective than the aluminum salt and' 
usually coritains'less uranium impurity,' thus 
giving a lower blank coireptipn. ' , * 



3. Interferei 

All interferences in. natural waters are 
removed by the separation stej^ aijS?hav^,iio' 
effect. The'method has not, however, been, 
extensively tested with industrial wastes, 
mine waters, and other Waters that may'have 
unusually high concentrations of heavy 
metals. When such waters are encountered it 
is advisable lo l*un a sj^iked sample contain- 
ing a known increment of uranium through 
the analytical procedure to test for possible 
residual quenching. A quenching correction 
can then be made as in ^Thiorometric meth- 
"od— direct" (R-1180-76) bas^d on th^ per- 
centage of reduction of the ekpected fluores- 
cence f rohi the known increment of uranium. 

f 4. Appa^tus . * 

^ 4.1 Ceyntriftige. 
j*. ^ 4.2 Cmtrifuge tubes^y 40' or 50-ml c2ii^SL(>' 
' I'ty Pyrex tubes with polyethylene screw-type 

caps. . 

4.3» Evapomting dishes, Teflon, 125 ml. 

4.4 FluoHrrketer: See method R-1180-76, 

4.5 fusion appgratitsj\See method R- 
IISO^T^. ^Sj^ Y ^ 

4.6 ' FuMWm^s: See'mehK)d r5i^8P- 

4.7 Micf^^et, 50-/il-dispensing pipet, 
Eppendoff type. . 

4.8 Pipet and control, Z ml. 

* 4.9 Pohjetj^ylene jhrs : See . method • R- * 
1180-:76.- \ ^ . V ■ ^ 

4.10 Ultrasonic * generator ^ -^Op-Watt 



model. 
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Mg(N0J;^.5 in HNO, : Dissolve 640 g of 
6H1.O in the minimum volume of 



5; Reagents 

5.1 Ahtminum nitrate solution, -^0.2 Af: 
Dissolve 15 g A1(N0,) r9H,b in distilled wa- 
ter and dilute to 200 ml. 
' 5.2 Ammonium hydroxide, concentrated. 

5.3 AmmoniitTn' nitrate solution^ 1 ml 
= lO^g NH,NO:j : Dissolve 10 g of reagent- 
grade ammojiium nitrate in distilled v^ater 
and dilute to 1,000 ml. jm, 

5Af DiaTYyUnonil^im hydrogen phosphate 
solution, 0.090 M: Dissolve 12 g of (NH,). 
HPO, in distilled water and dilute to 1,000 
ril. 

5.5 Ethyl ether. > , ^ 

5.6 Magnesium nitrate reagent, B-.O N in 

Mg(NO0r6: 

hot distilled water in a 1-litre beaker. Pour 
into a 1,000-ml volumetric flask, add 32 ml of 
. concentrated HNO.i, dilut§^o volume, cool' to 
room temperature, and again dilate to 
volume. / 

5.7 Methyl red i}zdicator solution: Dis- 
♦solve 0.1 g of methyl red (dimethylaminoazo- 

benze-necarboxylic acid) in 250 ml of (30 per- 
■^ent ethanol. - . 

5.8 Nitmc acidt\ concentrated. t 
5.9^ UraTtiitm standard st)lution I,"l ml 

= 100'*^gU: Sfee method R-1 180-76. 

5.10 Uranium standard solution II, 1 ml 
= 1.0 /ig U : See mqthod R-1180-76. ' 
* 5.11 Uranium standard solution ml 
= 0.01 /xg U*: Pipet 10 ml of uranium stand- 
ard solution *II and 5/ml of concentrated' 
HNO, into a 1,600 ml volymetric flask, and 
dilute to -volume wi4:h distilled 'water. Mix 
thoroughly, and stol^e in a Teflon bottle, 

6. Procedure 

6.1 JPlace3)4i[)ft-fel aliquots^f tlie ^filtered 
samples in .600-ml beakers. Prepare two 
standarc^^^by addition of 8.0 ml of uranium 
standard solution IIT to 400 *ml of distilled 
water in 60Q-ml beakets. Also prepare a 
bjank of 400 ml of distilled water. An addi- 
tional blank and stao^^rd* (prepared by pi- 
petting 50^1 offtarariiiitn standard solution II 
directly into t)ie platinum digh) are taken 



through steps 6.11 through 6.19 of this 
procedure.' • 

6.2 Add 3 ml of Concentrated HN0„ 1 
ml of 0.2 M aluminum nitrate reagent, and 5 
nil of 0.090 M xli^mmonium-hydrogen phos- 
phate reagent. Heat to boiling to remove car- 
bon dioxide. 

6.3 Add a few drops of methyl red indi- 
cator, and neutralize just to the yellow end- 
point by dropwise additions of concentrated 
ammonium hydroxide with constant stirring. 
If, on addition of the indicator, a pink color 
forms and then disap(pears, the water proba- 
bly contains an excesaiX^e amount of iodide or 
bromide ions. In that^vent, add ammonium 
h^droxide^ 2 or 3 drops at a time; thA add a 
drop of indicator. Repeat yijs procedure until 
the indicator exhibits the yellow color, in- 
stantly upon hitting the solution. 

6.4 Digest the precipi^te near the boil- 
ing point on a hotplate or steam bath for 30 
min;. then allow to cool to room temp.erature 
and sjettle. ' y - ^ 

6.5 Using -a small pipet connected to an 
aspirator, draw off as much of the super- 
nate* as possible without disturbing 'the 
precipitate. 

6.6 Transfer the precipitate to a 40- or 
5b-ml screw-cap Pyrex centrifuge tube. Po- 
lice the beaker and the stirring rod with 1* 
.percent ammonium, nitrate .solution, adding 
.the washings to the centrifuge tube, ^entri- 
>fyge, discard the supemate, and add 4 or 5 

. ml of the 1-percent ammonium iaitrate solu- > 
tion. Agitate the mixture in the tube to wash 
the precipitate, an^ again centri^uge and dis- . 
card the supernate. Note: In transferring the ^ 
precipitate to the centrif u^'tute it will prpb-" 
ably be necessary to centrifuge and d§catit 
onji^ befofe the^transfeF can be completed. 

6.7 Qvendry the precipitate in the cen- 
trifuge tube for 15-20' minutes'at 80°C. Raise 
oven temperature J to approximately lOO^C 
and take t|) complete dryness. 

' ^6.8^ irdd 8 ml of the MgCNOJ^ reagent, 
and warm gently to dissolve the precipitate. 
Use the ultraspnic generator to speed** 
dissolu,ti(5ft. ^ 

. 6.9 When cool, add .10 mj^of cold ethyls^, 
ether to the test tube, cap,' and, ^^ta^ vigor-^ 
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oiialy for at least 2 min. Allow about 15 min 
for the two layers to separate. ' 

6.10 Pipe^off 5.0 ml of the ethyl ether 
layer using a 5-ml pipet with a control, and 
place in a 125-ml Teflon disH to which ap- 
proximately 8 dropsoof 'water have been 
add^d. Add another 5 ml of e^her to the tube, 
x;ap, and agitate for 2 min. Again, allow 15 
min for, the layers to separate, then pipet an 
additional 5 ml of the ethyl ether layer, from 
the tube into the same Teflon dish. Use the 
ultrasonic generator to break up emulsions. 
The equivalent volume transferred is thus 
TrS ml of the original 10 ml of ether added. 

6.11 Allow the ethyl ether to evaporate 
^completely in a fume hood at pgpm tempera- 
^ture. Hg^^gently on a "hotplate to complete 

dryness,' • ' , ^ 

6.'lC. Transfer ihe sample from the Teflon 
evaporating .dish to the platinum dish used 
for.fusion with ^ small portion of ethyl ulcc^- 
hol, policing the bottorb -and the sides of \he 
Teflon dish thoroughly with it small rubber 
policeman! Repeat the ethyl alcohol wash one 
more time. A third wash must be completed 
UvSing a sm^ll portion of distilled water. Com- 
bine with the ethyl alcohol wUshes immedi- 
ately. The three wSfches must be kept small 
enough so the combineS washes do not excfeed 

ifi^' volume of the platinum fusion, dish. 
(Here again the distilled water w^asly .serves 
a double purpose: (I) assure.^ complete 

'transfer of the sample, and reduce^i^e 
ethyl alcohoKcreep up the sides of the fusT?" 
dish.) Take fusion dish to dryness under a\ 
he|^t lamp. . • , 

6.13 Carefully flame fusion dish over 
burner until th^ dish is a dull red. ' 

V6.14 Add 2 g of flux and prepare fluores- 
cent d-isk as in method R-|,](|0-76. " 

6.15 Place the dishes in a desiccator, and 
cool ^or at l^st 30 min. Determine the fluor- 

, escence of the samples, blank,! and standard 

^ in- method ll-l 180-76. A 



7. Cakulations 

■■* Concentration of 
from the.equati^il^ 



urarriumiiia Calculated 



of U = 



l,Ot)OS(A-B) 



wh^re ' ^ 

^-Sy=^^ig of uranium added to prepare the 
standards, 
A = mean fluorimeter reading of the 

sample disks, 
B = mean fluorimeter reading of the 
- . . blank disks, , t ' , 

C = mea|^fluorimeter /reading of the 

standard disks, 
F= volume of the sample in milliliters, 
. fractional recovery of uranium ex- 
' l^racted from the sample, and 
7?„ = fractional . rec<5very of uranium ex- 
tracJted^from the standard. 

The fraction of uranium recovered in seri- 
al extraction of the samples and standards 
is deteiTnined byequaVion: 

where \ . 

17 = volume of ether (ml) removed .after 

'each, extraction, and 
1^ volume of ether (ml) in the s^ample 
i?or each eictraction. 

* When V is equal to^lO ml gnd v is equal 
to 5 ml (normal procedure) the R' values 
for the first, secon.d, thirjd,,..a^d fourth ex- 
tractions are respectively 0.5,. 0.75, 0.8T5, 
and 0.937.^ ! , 

When the sei'ial (extraction of? the. sample 
i^5 jdentiauPHo tftelserj^lj e:S;:txaction of *the^ 
stanjdardl^ame^^^ of. kxlructioi^ using 
the samev^trf^s)* the 'fractional recoveries 
cancel and the equation simplifies to: 

. ■ ^ l,0005(A.-5) ^ 

ixg/ of U = 

Br Report 

" Rei>ort concentration^ to tWo significant 
figures d:bove Q.iO /xg/1 and to' one si^ificant 
figure -for values below UlO /x*^ with 0.01" 
,/jtg/l as the minimum. ^ . ' 
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9. Rr«cision 



Minimum detectable concentration is 0.01 
Tlli& precision of the fluorescence meth- 
ods^ .for determinatioo of uranium is gov- 
erned primai jp^^y ^j^ondi in the flux and 
in the fufiioiT^eration. Reproducibility of 
the fluorescence from replicates standards 
averages ±15 percent. The same value is 
used for preQi^ion of sample runs except at 
concentration below approximately 0.07 
fig/l where :^MDL represents the precision. 
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\ Uranium, dissolved/ ratiois 
:, A\j^a spec^tpmetry-chehik^^ sepaW^^ lR~1182-76) - ^ 



Porameter and code: Uranium, diskolYed^ isotope Uatio (dimehsionless): 



none assigned 



1. Application * 

The method is applicable to most fresh- 
water and saline waters. Industrial wastes 
and mine drainage may require special treat- 
m^ent. , ^ • ^ .» ... ' - 

2. Summary of method ' * 

The uranium isotopes '^re determined by 
alpha spectrometry^ after concentration and 
separation from th/e bulk of i^e water sam--* 
pie by use of the precipitation-extraction 

• procedure described under meth£>d .R-1181- 
76 determination of uranium. This is fol- 
lowed by an ion-exchange procedure elimi- 
nate thorium, an alpha-emitting radionu- 
clide. The final st^p is electrodepositibn of 
the uranium (^ uranium oxide) in t very 
thin layer on a. metal disk. Electrodeposition 
conditions are critical because thick or non- 

, uniform deposition must be avoided, and in- 
terfering radioisoto^s must be kept in the^. 
solution phase. Thick or nonuniform electro- 

^ depositions result in distortion of the alpha 
energy peaks and reduced counting effi- 
ciency. The procedure is described in detarl 
by Edwards (1968). ^ ^ 

Alpha spectroscopy is carried out ^ by 

-means of a silicon 3urf ace-barrier detector 
with' output to a linear amplifier and multi- 
channel analyzed. Readout is" by means of 
an x-y plotter and dectric typewriter which 

. prints out counts in ^ach energy channel. 
The alpha spectra of the uranium iso£ope& 
are as folfows: ' . 



Uranium-238; 4.195 MeV (6.77), 4.147 MeV (0.23) 
Uranium-235; 4,370 MeV (0.25, 4.354 MeV (0.35), 

(with five other energy peaks ftf lessnntensity) 
Urariium-234; 4.768 MeV (0,7^^^2*7 MeV (0.28). 



Since surface,-barrier. jdef^Pfe can be ob- 

tainejd witi^^yesplutio^:^^ ^f^X^ O^SO.'MeV 
^(30 keV) . (for 45ft ^i^^t^c6yn^ng area) , it 
is possible to ^leanly res<ilve aH^^^ uranium 
peaks of interest. ^ ], > 
\ Because of the very low 'radioactivity of 



it^may be necessary to" collect the 
uranium frorara 



uranium, it 

relatively large water sam- 
ple to yield between 2.5 and 220 fig of uran- 
ium. Samples l^rge as ' 25 * liters can be 
used. J " 



3. interferences 1 

There is no direct spectral overlap ,by 
other *mitural alpha^mitting nuclides. How- 
ever, ii thorium-23c) or protoactinium-231 
are present Jn great excess, broadening of 
their pe^ks might introduce a small error, 

' Transit®! metals, when .present ifl great 
excess, might be carried through the ^final 
electtf-pdeposition to increase the mass of the 
depo'feit. This would broaden the alpha energy 

fpeaks and reduce the counting efficiency. 
None of- these possible adverse effects "have 
yet been encountered in practice. • ' j 

,4. Apparatus 

4.1 Detector, silicon surface-barrier de- 
tector with approximately 450 mm^ sensitive 
area and depletion depth of 66^ microns or^ 
more. 

4.2 Vacutcm > chambler. The detectpr is 
^mounted in a chamber which is evacuated 
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• after the sannj)le is inserted. Tbi« is essential 
to. minimize Scattering,' pf alphas by air. A* 
vacuum, -pump and^ siiica-gel moi&ture trap 
are useid tp maintain vacuum' it 0.1- tbrr. e 

. 4.3 MiM^hannel cvmlyzer array: The sig- 
p'ai IS fe^rom^i^ .ofetector thrau'gh a pi*e- 

^ amplifier ^nd Imear amplifier 'iri^ d *rtUiltt- 
chahnel ♦^inalj^zera '^{^hero* Ihe alpha energy* 
pulses are rduted t^heir appropriAte chan-' / 

s^nels in the memofJ\ The analyzer should have 
a minimum of 256 channels if the full resplu- , 

-^tion capability of the best silicon barrier de- 
teclbrs is to be realized. ' 

.4.4 ^Readout system. The memory may b.e 
read oulK using a plotller, ^teletype unit, 
punched tap^/ magnetic tape, 'or other ap- 
propriate me^ns. The combination of x-y 
plotter ariy electric typewriter has been 
found to be ^Msl^iory.f ; ^ 

. ' 4.5 Chemical-separati(m apparatuii. The 
chemical apt)aratus required for method R- 
1181-76 (items 4.6 t^4^) are used. ^ 

4.6 loyi-excharide^ cotUmns. are de- 
signed to hold^Opil of liquid in a funnel top 
and to pass the solution through- 14^cm 
length of ion-exchange resin, 1' cm in 
diameter. ^ • . 

* 4.7 Electrolysis apparatus. The cell is. de- 
signed to plate a circular deposit 2.2 cni^.in 
diameter to correspond with the .sensitive 
diameter of fFT^N^ha detector. Tire deposit 
is collected on ^ titanium di.sk wTiich is 
clamped onto the bottom of a Teflon cylir^der 

.thus forming "an^lectrolysis cup. The titani- 
um disk is the cathode. The an^d^ is a flat 
coil of platinum wire suspended^.2 cm above 
thp titanium di.sk. Power is supplied by a 

'sniall 12-volt rectifier w:ith \^o]ltmet6r am^^ ana- 
meter. The titanium^ di.sks 
diamefter. . 



5^ Reagents ^ 

^.i^Electropldtmf] reagents, Nft,Cl sollft 
tion, 2 iV\* acetone ; |^,nd ammonia. 
. 5.2 Ion-exchange reagents, Bio-Rad A.G 
1-X8, 50~ia0 r^^8&h. or equivalent. Hydro- 
chloric jicid, 8 N and 0.1 N. \ ■/ 

5.3 ' Precipitatio7i-extraction reagents. All 
rpagents required for the precipifation-ex- 
traUtion steps of ntethod R-1181-76 are\ised. 

•<"•'..'. ^ • ■- . ; ' * 



6. Procedure J' . * 

6,1 Detennine the" volume*^ of sanriple re- 
(uij^d by.carfying out the fiuorimetric uraiji*-. 

' analyj^i.^ by method R-118(]u76^ or R- 
118 W7§ .as iJidic^d^tjy <th^ nature of the; 
rrii^impte. The^-^^^ximurK weight .jof ur-anfum 
"that can be used in the*i»©topifc analysis is 
22,0; ^g and^ the minimum 4s 2.5 -Reconi-. 
mefided sample volumjBS for a thousandfold 
Vange pf uranium cdncentj^tipns are^^iven 
in table 2. * * 



Table 2.— Recommended sarf^ple volumes? rniDimul 
and reduced volumes for isotopic uraniuni analysis 




Volunfc. jn liters 



U concentration^ 



Rec- 
ommended 



Mini] 



Reduced 
volume 



are ''^:2^^Cfla^ Ifv. 




If^tjie sample volume exceeds 1 liter,. 



evaporate on a - hotplate t^* the" reduced 
' * volume value shown in table ^. If the reduced 
\ volume exceeds 1 liter it is necessary to--di- 
vi3e< the'sample into two or more *l-liter 
^tioris. Each portion is carriedfc^rough the* 
procedure as *an individual .^sample through 
.step 6.3. "Run a blank ^of J-liter -distijled 
water through the procedure. . 

.6.3 Carry 6ut the iiraniuiji ext^ction^pKo- 
^cedure, nnetho<J R-1181-76i steps<6.2: through 
6.1/1. If *two or more 1-liter "portions of -one 
.sample are extracted, , combine the extracts 
before step 6.11/ * \ ' v * 
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7. Calculations . \ * ' 

' ■ "C * ■ ' 

7.1 Identify thej uranium isotopes present 
on the ba^s ofjl^he xry plot, using the data 
from the typed readout, .establish the count 
under the principal.' alpha energy peak for 
each^ isotope by summing j^he. counts and sub- 
tractlrig the blarlk! Since^apkgroilnd for the 
samples and the'blanlias the same when nor- 



- 6!4 Dissolve the dry residue that remaina 
from the evaporation of the ethej layer in"^* .coi 
aD-mrofSN,HCl. J. 'j 

6.5 Prepare thfedqn-exchange columns by^ 
>^\^aWhing 6r g of resin^in ^ beakej^^^t'h B N 
H®. Transfef to the columns and wash with 
8N HCl. ^ • / . ' ' , 

• 6.6 Four the' solution from'ft8:iilto iffe» 
ion-exchange tubje. Allow t4 flow ,fhroi^h at 
the rate of 20-30 drops per minute. Elute. 
thojiiim with 50 ml of 8 N- H'Gi and 3iscard 
this elu'ate. Elute uranium with 60 'mL.of 0.1 
;^ HCl. - / ' . / ^' 

6^7 After evaporating to .dryness, adding- 
HN^j, ajid evapor3/lihg again to 'eliminate 
the last traces of HCl, prepare the residue 
for elcKitrolysis by* dissolving Jn the electro- 
lyte, TO ml of 2 NNH.Cl.. ' ^ . 
. 6.8 Transfer' to the elG<itroly:?i^ cell, and 
plate the uranium onto the titanium disk* us- 
ing current of 1±0M ampere.TElectrolyze for 

ioOlTiii. ' \/ ^ 

^ ft ' 

6.9 Introduce the dry sample on the ti- 

^tanium disk into tlfe vacuign chamber, pump 
4^n to 0.1 torr^ arfO coufit the alpha activity 
(iFthe sample for. 1,000^ min using the erIJ>rgy 
rang)e 3,8r-5i3 MeV. ^ ' - 

6.10 Printout the spectrum^ with the x-y 
plotter and the typevvrHer^ 



..malized to the same counting tinae, this also 
corrects. for background. ^ 

THe.isotopicVat|o is: • * ■ .'^ 
^ _ ]jf-^234 _ C''2M ' 
~T^-238 ~ C-*$g 



.isotqpi 



j . 

•v. 



\;l'here ^. " . ^ • . " 

(^34^= counls ' under Jfhe '<763 -ileV' 
- ' ^ peakjcorrected for blank, and 
/ " C-238 = county ^ under the' 4.195 M^V 
\ . r>BSLk corrected for blank; 

7.2 Determine :]t^onc"entr^ion of -each 
uranium isbto^.if desired, applying the 
isotope' ratio, to the concentration of total 
uranium as determined by fluorescence meth- 
od R-1 180-76 or R-i 181-76: \- 

\ / * ■ • 

8. Report 

' Report activity ratio^^lgss than one ^'t^o 
significant figures. Rejiort activity ratios 
Vreatef than one to three significant fi^gures. 



9. Precision 

There are .insufficient data to establish a 
TeliablQ ^ experimental standaird deviation. 
Standa/d deviation based on counting* statis- 
tics may bercalcujated using the following : 



4 



(C-234)+B+l (C-238) 



+- 



r4 



((C-234)-J5)= ((G-238)-B)^ 

where- . ' . 

« \* ■ , . ' ■ * 

B -'experinlehtall3r,determined blank. ^ / 

Derivatibn of the equation-may 'be f5uind in. \ 

Edwards '(1968). 
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